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RCSIsmj editorial and director’s welcome
Stress and the stories we tell
As we continue to emerge from the throes of a global pandemic, we

documents the enduring effects of generational stress by artfully

begin to define the new normal. As a population, we have been

examining the epigenetic changes that have been documented

undeniably shaped by shouldering the burden of the COVID-19

across multiple generations of Holocaust survivors. Matthew

pandemic for the past two years. While the pandemic has been

Macchiacchera highlights the merits of engineering the stress

marked by immeasurable loss and suffering, it has afforded us an

response for therapeutic gain in his article on advances in

opportunity to adapt and evolve in ways that might have seemed

cryotherapy.

previously inconceivable. Unique to this issue of the RCSIsmj is the

From a global perspective, Senior Editor Charlotte Fager aptly reflects

theme of stress and stress response. Collectively, our authors find that

on the catastrophic implications of the environmental and

stress inevitably leaves a new story in its wake.

infrastructural stressors that drive climate change, and demands more

Stress originates from the Latin strictus, meaning narrow, and

of the healthcare infrastructure that has contributed to the current

stringere, meaning to tighten. Both evoke the concept of restriction,

climate catastrophe. Finally, in the smj interview, Senior Staff Writer

or being forced in a particularly unnatural direction. The term as we

Allison Grover engages New York dermatologist Dr Shereene Idriss in

know it in the medical lexicon was first coined in 1936 by Hans Selye,

an interesting and introspective discourse on the stressors we are

who defined stress as the “non-specific response of the body to any

exposed to throughout a career in medicine.

demand for change”. An Austrio-Hungarian physician-scientist, Selye

On reflection, we find that stress, while taxing,

was the first to incorporate the concept of stress into medicine as a

is not always a bad thing. A testament to the

result of having repeatedly witnessed a universal patient response to

resiliency of RCSI students throughout the past

a broad diversity of medical conditions as a medical student.

two years, the articles herein conjure a

Nearly a century later, we still find ourselves plagued by stress. In the

narrative of strength and adaptation.

15th issue of the RCSIsmj, RCSI students capture the myriad of ways
We are delighted to present the 15th edition

in which stress defines us from a molecular level to a population level.
The intricacies of the stress response are detailed eloquently by Daniel
Harrington as he explores the unfolded protein response and its
unbridled potential for therapeutic development. Savanna Naylor

of the RCSIsmj.
Kathryn Haley
Editor-in-Chief,
RCSIsmj 2021-2022

Director’s welcome
Welcome to the 15th edition of the RCSIsmj! It has been a privilege to

and consistently reach our goals because of your encouragement and

work alongside such an incredible team and contribute to another

generosity. We are also indebted to the staff at Think Media who have

collection. From molecular pathways to clinical medicine, this volume

collaborated with us since the beginning. Thank you for your

will give you a glimpse of the ideas and concepts that are capturing

enthusiasm and for guiding us through the world of publication.

the minds of RCSI students today.
We strive to provide students with an opportunity to hone their

We hope you enjoy the 15th edition of the RCSIsmj.

scientific writing skills, engage in the peer-review process, and
showcase their research achievements. Above all, we endeavour to
encourage self-directed learning outside of classrooms and clinics,
where sometimes the best and most memorable experiences occur.
To those who contributed to this year’s issue, your time, effort, and
diligence were essential. To those who hope to contribute to future
volumes, we look forward to featuring your words.
Although the RCSIsmj is an entirely student-run publication, our
success relies on the year-round support from the Dean’s office, Prof.
David Smith, and the faculty at the RCSI. We are able to confidently
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RCSIsmj prize

Ethics Challenge 2022/2023
The ethics of medical assistance in dying
(MAiD) in psychiatry
JD is a 35-year-old male who was brought to the emergency

The term MAiD refers to:

department several days ago by a family member after a large

1. the administering by a physician or nurse practitioner of a

overdose of paracetamol and alcohol. He has a known history of

substance to a person, at their request, that causes their death;

severe treatment-refractory depression, self-harm, and suicide

or,

attempts. JD has no other medical or surgical history of note,

2. the prescribing or providing by a physician or nurse

takes no other medications, and lives alone. He is stable today

practitioner of a substance to a person, at their request, so that

and you have been asked to speak to him. On examination, JD

they may self-administer the substance and in doing so cause

has a flattened affect and low mood, but appears to have good

their own death.

cognition and insight. He discloses to you that his life is not worth
living and that he has a plan for another attempt in the near

Questions to address:

future:

1. Select one principle or concept of medical ethics that you
believe is the most important in the context of this case

“I just don’t want to go on anymore. I want to end my life, but I
don’t want it to be painful and I don’t want my family to find me
unexpectedly like last time. I read about some countries that let
doctors help people die peacefully. Can I apply for that too?”

and explain.
2. Should MAiD be extended to patients such as JD? Outline
reasons for and against.
3. You are the chair of your country’s Federal Regulatory
Board on MAiD and you have the power to grant special

Last month, your country passed a law allowing patients to

exemptions. JD’s case has been presented to you. What is

receive medical assistance in dying (MAiD), but you are aware of

your final decision and why?

the eligibility criteria and JD does not meet them.

This is the 14th instalment of the RCSIsmj Ethics Challenge. The

Submission guidelines

editorial staff would like to congratulate Natalie Mack on her

Please construct a lucid, structured, and well-presented discourse for

winning essay in the 2021/2022 Ethics Challenge. Please see

the issues raised by this scenario. Please ensure that you have

page 6 for her submission.

addressed all the questions highlighted and discuss these ethical

We invite students to submit an essay discussing the ethical

issues academically, making sure to reference when necessary. Your

questions raised in the scenario presented. Medical ethics is an

paper should not exceed 2,000 words.

essential aspect of the medical curriculum and we hope to
encourage RCSI students to think critically about ethical situations
that arise during their education and subsequent careers. All essays
will be reviewed by a faculty panel of experts and the winning essay
will be published in the 2023 print edition of the RCSIsmj. The

Your essay will be evaluated on three major criteria:
1. Ability to identify the ethical issues raised.
2. Fluency of your arguments.
3. Academic quality with regard to depth of research, appropriateness
of references, and quality of sources.

deadline for submission of entries will be separate from the general
submission deadline for the 2023 edition of the RCSIsmj. Please visit

Good luck!

our website at www.rcsismj.com for specific dates. Please contact us

The winning entry will be presented with a prize at the launch

at editorsmj@rcsi.ie with any questions or concerns.

of the next issue.
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RCSIsmj ethics challenge
ETHICS CHALLENGE WINNER 2021/2022

The ethics of
vaccination in a
post-COVID-19
world
Natalie Mack
RCSI medical student

Introduction
At the time of writing, the Omicron variant of the SARS-CoV-2 virus

principles of biomedical ethics: beneficence; non-maleficence;

has become the dominant strain contributing to COVID-19 cases

autonomy; and, justice.6

worldwide. Many global health researchers argue that the emergence
of the Omicron variant is a consequence of our inability to vaccinate
1

Beneficence

the world. Vaccine hesitancy and inequity of access to vaccines

The principle of beneficence is the obligation of healthcare providers

globally are both substantial barriers to reducing the burden of

to act in the best interest of their patients, colleagues, and

1,2

Vaccination has long been a topic of controversy, and

community.6 The concept of herd immunity, which is achieved by high

the current pandemic has brought this discussion to centre stage. In

vaccination rates, is in line with beneficence.7 The impact of

attempts to increase vaccine uptake, policymakers or health

vaccination on protection from vaccine-preventable diseases is

authorities

COVID-19.

a

considered to be the top public health achievement of the 21st

vaccine-preventable disease is determined to be a considerable threat

may

implement

vaccination

mandates

when

century.8 However, vaccination has also fallen victim to its own

to the public. Such mandates have long been implemented prior to

success. The reduced incidence of vaccine-preventable diseases, which

the COVID-19 pandemic, such as requirements for children to be up

have historically had high morbidity and mortality rates, has concealed

to date on their paediatric vaccinations to attend school, or for

the visible benefits of vaccination.3,9 This leads to decreased urgency to

healthcare professionals (HCPs) to receive their annual influenza

get routine vaccinations because herd immunity has already been

vaccine.3,4 Many question whether these mandates are ethically

established. Vaccine side effects have become more apparent than the

justifiable. This debate is rooted in the fact that reaching

disease itself, and some individuals feel that they do not need to get

population-level immunity to keep communities safe requires the

vaccinated because their peers are already immunised.10 Reduced

5

limitation of individual liberties. This analysis will examine vaccine

vaccination rates in light of vaccine hesitancy threaten the success of

mandates and disclosure of vaccination status in relation to the four

herd immunity. Recent measles outbreaks in Canada and the United

Page 6 | Volume 15: Number 1. 2022
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States are the direct consequence of intentionally unvaccinated
11

communities.

We have a moral and social responsibility to ensure

mandates

have
19,20

transmission.

less

effect

when

it

comes

to

preventing

However, it is important to consider how vaccination

that herd immunity is brought to full fruition and maintained.

can reduce the likelihood of individual adverse outcomes and

Therefore, vaccination mandates are ethically justified from the

simultaneously alleviate the current strain on healthcare systems

principle of beneficence if individuals are not fulfilling this

during this pandemic. Out of all UK hospital admissions for COVID-19

responsibility, and threatening the well-being of their communities.3

between December 2020 and July 2021, 84% of patients were

Although herd immunity is typically discussed as a community benefit,

unvaccinated.21 As the pandemic continues into 2022, we as citizens

it is important that members of the public are aware that they can

have a moral obligation to get vaccinated to ensure that our

personally benefit from herd immunity. Infants who are too young to

healthcare systems can keep afloat through subsequent waves.

receive their paediatric vaccinations are dependent on the

Just as citizens can get vaccinated to protect our healthcare system,

immunisation of their family members for protection.12 Those who are

HCPs can get vaccinated to protect their patients. Non-maleficence is

immunocompromised or are unable to receive vaccinations due to a

the underlying principle behind the need for HCPs to stay updated on

medical contraindication are dependent on the vaccination status of

their vaccinations, including the annual influenza vaccine.4 However,

13

their communities.

The disclosure of vaccination status for children

influenza vaccine uptake rates among HCPs are not optimal. This may

attending school has been implemented in many countries, with the

be partially due to the moderate effectiveness of the annual influenza

intention of ensuring herd immunity in educational environments.3 In

vaccine, at approximately 60-70%.22 Even though the efficacy of

light of the COVID-19 pandemic, many universities require proof of

vaccines varies, efforts must be made to ensure that patients are not

vaccination for students to attend in-person classes to ensure the

infected with a vaccine-preventable disease due to an unvaccinated

safety of students and staff.14 Therefore, it can be stated that

HCP.23 Any protection of vulnerable patients that can be provided by

vaccination serves both individual and societal benefits: it saves lives

HCPs is better than no protection at all. The need for HCPs to disclose

and protects communities.15 Improving communication on the

their vaccination status to their employers comes from a fundamental,

importance and benefits of herd immunity may increase public

professional virtue that HCPs must put their patients’ safety at the

13

willingness to get vaccinated.

forefront of their clinical practice.6,23

Non-maleficence

Autonomy

Vaccinations are created to reduce the severity of illness should

Much of the controversy surrounding vaccine mandates stems from

individuals come in contact with the pathogen responsible for a

the fact that such policies restrict autonomy.24 Vaccine mandates limit

certain disease. It can therefore be viewed that the concept of

the freedom of individuals to make personal choices regarding their

vaccination is directly in line with the principle of non-maleficence: do

bodies and health, including the refusal of treatment.5 The concept of

no harm.6 It is because of the first developed vaccine that smallpox

vaccination sets autonomy against beneficence and non-maleficence;

was globally eradicated in 1980.16 The burden of vaccine-preventable

an individual’s decision not to be vaccinated is not favourable for

diseases has been greatly reduced due to the implementation of

community outcomes.23 Vaccine mandates aim to encourage

vaccination policy.7 If it is within the capacity of public health officials

vaccination, yet forced vaccination may compromise public trust in

to reduce the suffering of the population from an infectious disease,

healthcare systems and impact public perceptions of vaccines.20,25 In

they have a moral and ethical responsibility to implement appropriate

other words, vaccine mandates may not increase vaccination rates as

policy.

intended, and instead may further contribute to vaccine hesitancy.

Non-maleficence can also be discussed in the context of healthcare

It can be stated that the limitation of individual freedoms is ethically

systems. The COVID-19 pandemic has created unprecedented

permissible in situations where the well-being of the population is at

conditions for healthcare systems. The postponement of elective

risk.23,25 However, mandatory vaccination policies should always be

surgeries and the reallocation of clinical physicians to acute settings

considered as a last resort tactic when other measures have been

while hospitals deal with COVID-19 admissions has created harm for

unsuccessful.4 Persuasive or incentivising policies are more favourable

17,18

both patients and HCPs.

Vaccination mandates aim to ensure that

than

coercive

mandates

as

they

still

allow

for

individual

hospitals do not become overwhelmed. Considering the fact that the

decision-making capacity. For example, some healthcare settings have

Omicron variant is currently infecting both vaccinated and

a ‘vaccinate or wear a mask’ policy in which HCPs must wear a surgical

unvaccinated individuals, it can be argued that COVID-19 vaccine

mask daily if they do not receive the annual influenza vaccine.26

Volume 15: Number 1. 2022 | Page 7
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Improving public messaging around vaccination may also be an
5

seen as an incentive to encourage vaccination, and have been shown

effective nudge strategy.

to increase immunisation rates.30 However, vaccine certificates only

However, it is important to understand that the principle of autonomy

benefit individuals who have access to vaccines.32 The requirement of

considers an individual’s ability to make informed decisions regarding

COVID-19 vaccine passports for international travel could create a

6

their health. The widespread distribution of vaccine misinformation

two-tiered society in which only travellers from high-income countries

that has been amplified during the current pandemic has impacted on

have travel privileges.33 Some countries have alternatively deemed a

the ability of members of society to make informed decisions on

negative COVID-19 test or proof of recovery as sufficient.34 This fails to

COVID-19 vaccination.23 Misinformation compromises individual

address vaccine inequity as there are high costs associated with

autonomy. American or Canadian parents who choose not to

obtaining private tests. This is especially financially difficult for families

vaccinate their children are more likely to have based their decision on

with multiple children who may be too young to receive COVID-19

information found on anti-vaccination websites.27 Paediatric

immunisation. The principle of justice supports that policymakers must

vaccinations provide unique circumstances for autonomy since infants

consider social, political, and economic factors that may be

lack decision-making capacity and depend on their parents to act in

contributing to low vaccine uptake. The justification for vaccine

their best interest.3 Parents must have access to reputable sources for

mandates is, therefore, context dependent. It is essential to consider an

vaccination information to make informed decisions on behalf of their

individual’s opportunity for vaccination in addition to whether they are

children. It is important for healthcare providers and policymakers to

vaccinated.35

ensure that members of the public are educated on the benefits and
risks of vaccinations so that they can make appropriate choices for

Conclusion

their well-being.

Vaccination mandates in the context of the four principles of
biomedical ethics may be justifiable under certain circumstances, but

Justice

their implementation should be considered as a last resort, and should

The principle of justice holds that the treatment of individuals must be
6

be dependent on local socio-political factors. Vaccination mandates

fair and equitable. Members of the public deserve equal opportunity

favour the collective protection of individuals, communities, and

to live in conditions and communities that allow for herd immunity,

healthcare systems from the harms of vaccine-preventable diseases.

3

which includes equal access to vaccines. The COVID-19 pandemic has

Personal autonomy is not fully achieved with vaccination mandates,

contributed to the amplification of conversations regarding health

which is why alternatives such as persuasive or incentivising policies

inequities. High-income countries are currently offering booster shots in

should be considered first. However, the limitation of individual

light of the Omicron variant, while many low-to-middle-income

liberties is permissible if personal choices compromise the overall

countries have yet to provide first doses to the majority of their

health of one’s community. The implementation of COVID-19

28,29

population.

The failure of high-income countries to fairly distribute

vaccination mandates on an international scale is difficult to justify

COVID-19 vaccinations globally is partially responsible for the

when inequity of access to vaccines is still apparent, compromising

1

emergence of COVID-19 variants of concern. In addition, certain

justice. Overall, improved public messaging on the benefits of

socioeconomic groups typically have decreased vaccine uptake due to

vaccination and herd immunity may increase vaccination rates in areas

decreased trust in authorities, and the same communities are

where vaccines are accessible. Policymakers must also enhance their

30,31

disproportionately affected by COVID-19.

Justice will not be

understanding of public perceptions on vaccinations to address the

achieved if vaccine inequity persists through the pandemic.

reasons for low vaccine uptake. High-income countries must also take

Vaccine certifications for hospitality, travel, or event attendance may be

the necessary steps to ensure equitable access to vaccines globally.
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First approved CRISPR trial on
sickle cell disease treatment

RCSI medical student HELEN HUANG looks at advances in CRISPR-cas9
technology that have the potential to revolutionise the treatment of
sickle cell disease.
Introduction
Sickle cell disease (SCD) is an inherited red blood cell disorder that

predict SCD events, and for advances in therapeutic solutions to

affects approximately 100,000 Americans per year, rendering it the

correct the causative mutation in patients with SCD.

most common genetic disease in the United States. The structural
defect in SCD is caused by a point mutation in haemoglobin (HbG).
A substitution from glutamic acid to valine results in a single
nucleotide change (A to T) in the β-globin gene.1 The intermolecular
interactions induced by valine form sickle haemoglobin (HbS), termed
deoxyhaemoglobin S. Deoxyhaemoglobin S causes HbS tetramers to
polymerise at low oxygen levels. The sickle-shaped red blood cells are
unable to pass through microvessels, resulting in impaired blood flow
and vascular occlusion. Due to the clinical heterogeneity of SCD, it is

CRISPR first demonstrated the
ability to modify targeted regions
of the genome via DNA cleavage
in 2012. The clinical implications
were huge, as CRISPR-cas9
expanded the scope of gene
therapy for SCD.

difficult to predict the onset of disease occurrence in patients who are

The rise of CRISPR

affected. There is an urgent need for improvements in our ability to

Molecular medicine is tailored towards engineering treatments that
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can alter mutated genetic sequences. Clustered regularly interspaced

that with CRISPR-cas9 gene editing, major HbF repressors such as

short palindromic repeats (CRISPR) editing is an innovative

erythroid

technology that has become a significant driver of gene therapy in

lymphoma-related factor (LRF) can be modified and disrupted from

the past ten years. CRISPR-cas9 is a RNA-guided editing tool that

HbG-binding sites to promote HbF production.3 Cas9 inactivation

contains two essential components: cas9 Staphylococcus aureus

of BCL11A enhancers induces HbF expression, which specifically

endonuclease to snip DNA at targeted regions within a genome; and,

targets phenotypes causing β-thalassaemia and SCD. Since HbF

single guide RNA (sgRNA), which is responsible for targeting DNA

inhibits

2

transcription

the

factor

polymerisation

BCL11A

of

HbS

and

and

leukaemia/

its

resulting

strands by guiding cas9 to the sequence of interest. CRISPR first

pathophysiology, genetic modifications to HbF repressors have the

demonstrated the ability to modify targeted regions of the genome

capacity to reverse sickling in red blood cells. The CTX001 phase 1

via DNA cleavage in 2012. The clinical implications were huge, as

clinical trial used CD34+ haematopoietic stem and progenitor cells

CRISPR-cas9 expanded the scope of gene therapy for SCD by

(HSPCs) with CRISPR-cas9 to reduce BCL11A expression in

modifying genes via corrections, edits, or replacements. Ever since,

erythroid lineage, and therefore increase the production of HbF.4

scientists have been experimenting with the ability to alter single

Cas9 cleavage sites can facilitate alternative non-homologous end

gene function and correct mutations causing a wide range of

joining repair to reverse sickling. Paired with elevated levels of HbF,

diseases, including Huntington’s disease and Alzheimer’s disease.

this genetic technology has the potential to significantly alter

Ultimately, CRISPR technology may allow medical professionals to

disease management for patients with SCD. Preliminary results

better understand the progression of SCD, and to treat patients with

from the trial have shown a significant restoration of functional

advanced gene therapy.

haemoglobin to normal levels, and a decrease in sickle
cell-associated pain. The slowed progression of SCD in the

The recent advancements in CRISPR-cas9
have improved our understanding of the
pathogenic mechanisms underlying
chronic illnesses such as SCD.

aforementioned trial shows great promise for the future of gene
therapy. Importantly, the research on BCL11A can also be applied
to patients diagnosed with β-thalassaemia, a condition also caused
by mutations in β-globin.

Implications of FDA-approved CRISPR trial

The future of molecular medicine

Current treatment for SCD includes drugs such as hydroxyurea,

The recent advancements in CRISPR-cas9 have improved our

which increases levels of foetal haemoglobin (HbF) and inhibits the

understanding of the pathogenic mechanisms underlying chronic

polymerisation of deoxyhaemoglobin S. Sickle cell patients need to

illnesses such as SCD. They have catalysed the advancement of

undergo regular transfusions, which has proven difficult as bone

therapeutics and have the potential to improve patient prognosis.

marrow transplants can only cure those who match with a donor.

Genomic technology has become an increasingly important subject

However, advances in gene editing can change the paradigm for

in the medical community, both for patients and for physicians. The

SCD treatment by addressing the underlying causes of SCD,

development of CRISPR-cas9 has shifted the focus of clinical research

thereby improving patient outcomes.

efforts towards personalised medicine. Molecular medicine has

In March 2021, the FDA approved its first trial of CRISPR to correct

adapted to and overcome barriers to treatment for genetic disorders,

the genetic mutations that cause SCD. Research performed at the

further increasing our capabilities to treat conditions with known

Innovative Genomics institute at UC Berkley-UCSF demonstrated

underlying genetic pathologies.
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Bacterial blooms compromise
cognition

RCSI medical students ASMA MAQSOOD and LORCAN COOKE discuss
research that points to links between the gut microbiome, immune
responses, and brain injury in infants born before 28 weeks’ gestation.
Advances in neonatal care have increased the survival of extremely

facilitated by the immune system.3 For example, the microbiome

premature infants born before the gestational age of 28 weeks;

influences the differentiation of T lymphocytes, thereby promoting

however, neurodevelopmental impairment of premature neonates

pro-inflammatory subtypes that contribute to sepsis-induced brain

remains significant.1 Recent research has shed light on the link between

injury. Additionally, the microbiome can alter cytokine expression by

the developing brain and the establishment of the human microbiome.

promoting increased levels of specific pro-inflammatory mediators such

The microbiome refers to the collection of micro-organisms, including

as IL-17a. Therefore, healthy development of the microbiota is critical

bacteria, fungi, and viruses, which colonise the mammalian

for immune homeostasis and prevention of pathological inflammation,

gastrointestinal (GI) tract to control pathogen invasion and prime host

which may contribute to brain damage.2

2

immune responses. During the third trimester, the developing brains
3

A 2021 study by Seki et al. investigated the relationship between

of premature infants are particularly sensitive to pathogens.

microbiome disorder, the immune response, and brain damage in 60

Bidirectional communication between the microbiome and the central

premature infants born before 28 weeks.3 The methodology involved

nervous system (CNS) occurs via the gut-brain axis, whereby the

gene sequencing for microbiome profiling, flow cytometry for T cell

parasympathetic and enteric nerve fibres interact with bacterial

phenotyping,

2

cytokine

and

chemokine

quantification,

and

metabolites. In addition to this direct interaction, various lines of

electroencephalography to investigate early indicators of brain

indirect communication between the GI microbiota and the CNS are

damage.3
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Bidirectional communication between
the microbiome and the CNS
occurs via the gut-brain
axis, whereby the parasympathetic
and enteric nerve fibres
interact with
bacterial metabolites.

fermentation, or by facilitating colonisation by obligate anaerobes
such

as

Clostridia,

which

promotes

the

differentiation

of

pro-inflammatory immune cells and the migration of γδ T cells. It is
3

also possible that inflammation itself may provide Klebsiella with
greater access to human-derived nitrate, leading to a positive
feedback loop of Klebsiella growth and domination of the
microbiome.3 Klebsiella can use this nitrate in place of oxygen,
enabling it to produce immense amounts of adenosine triphosphate,
even under anoxic conditions.

Microbiome and cytokine findings
Seki et al. found that only the infants with neurological pathologies
possessed a microbiome dominated by the gram-negative bacteria
Klebsiella pneumoniae.3 A Klebsiella-dominated gut promotes increased
proliferation of gut-localised gamma delta (γδ) T cells, a unique
subtype with receptor flexibility, allowing direct response to antigens.
Interestingly, these T cells are abundant in the brain lesions of

While antibiotics and probiotics comprise
the current standard of neonatal care to
reduce the risk of sepsis and GI
complications, they do not eliminate
infection by enteric pathogens, or the
resulting consequences.

premature infants and may contribute to their brain damage.3
Additionally, the immune profiles of children with more severe injuries

While antibiotics and probiotics comprise the current standard of

illustrate higher levels of pro-inflammatory cytokines such as IL-17a.3

neonatal care to reduce the risk of sepsis and GI complications, they

IL-17a signals gut-resident pro-inflammatory γδ T cells to migrate into

do not eliminate infection by enteric pathogens, or the resulting

the CNS where they can aggravate existing brain injuries, suggesting

consequences. This research elucidates specific points of interaction

a possible mechanism for the observed brain damage in premature

between the microbiome and the immune system, which may further

4

neonates. In contrast, those infants without severe brain injuries had

the development of preventive measures beyond antimicrobial

cytokine networks with high levels of neuroprotectants such as

therapy. Critically, these findings highlight Klebsiella overgrowth and

platelet-derived growth factor-BB (PDGF-BB) and brain-derived

the associated immunological effects, including elevated γδ T cell

neurotrophic factor (BDNF), which are known to support the growth

levels, as a mechanism underlying brain injury.3 Targeting the

3

and survival of neurons.

gut-microbiota-brain axis presents a novel therapeutic approach to
tackle premature infant brain damage.

Discussion and clinical implications
Seki et al. call for further research to investigate the triggers for the
Klebsiella bloom so that the resulting brain damage can be prevented.
They suggest that Klebsiella overgrowth may contribute to

Targeting the gut-microbiota-brain axis
presents a novel therapeutic approach to
tackle premature infant brain damage.

pro-inflammatory responses by either depleting gut oxygen via
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Finding your voice
Senior staff writer ALLISON GROVER spoke to Dr Shereene Idriss about
her experience with social media and medicine in developing
Pillowtalk Derm.

We’re really impressed by how you’ve managed to

misinformation and she said: “Why don’t you go on your Instagram

communicate medicine in a way that people can both

and vent? You’ll feel better”. And although I said “Okay”, I was so

understand and latch onto. You’ve mentioned that a key

scared. I hate my voice, and I feel like I have a funny accent even

component to your success in PillowTalk Derm was your

though I was born and raised in the US. I never liked speaking

candour and candid tone. What was the origin of that tone?

publicly. I had to take a beta-blocker when I was a medical student

When I posted my first Instagram story, my nurse at the time was

giving presentations. So, I thought: “She’s right. This is silly, there’s no

pushing me to finally vent. She was sick of hearing me rant about

one here. I’m just going to open Instagram and act like it’s a FaceTime
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with family”. That’s how it started. Then it became PillowTalk Derm,

information if you’re not making any sense.

with just a tight-knit, small little group. It ended up continuing

If you are in cardiology, if you are in ophthalmology, if you are in

because it started off as who I am. I never put on a front. I spoke to

radiology, as long as you are passionate about what you are

the world as I spoke to my sisters. Nothing motivated me except

conveying, that’s the most important thing. You are going to have an

logging on and getting over my own fear of speaking publicly.

audience, because there is always going to be an audience out there
for every subject. So don’t be intimidated if you don’t have the visuals

When I posted my first Instagram story,
my nurse at the time was pushing me to
finally vent. She was sick of hearing me
rant about misinformation and she said:
“Why don’t you go on your Instagram
and vent? You’ll feel better”.
You’ve mentioned your sisters in other interviews and how
you come from a family of physicians. As medical students
and as physicians, it’s easy to get caught up in medical
terminology. What strategies have you used to speak to
people who might not be used to jargon?
That’s a really good question and I think one that especially applies to

to back it up! I think that number one: if you love something, that will
show. We are not actors, we’re doctors. Most of us make the worst
actors. But, number two: just be passionate and speak about it – you
will find your audience over time.

I’ve always felt like a black sheep,
especially in dermatology, which I know
is odd. I’ve always felt like I had to put
up a front, act a certain way, be a certain
way. With social media, it was honestly
liberating because I was speaking as
though I was speaking to my sister.

medical students. When I was in medical school, I always tried to learn

How has having this channel and an audience impacted on

any subject, whether it was anatomy, physiology, biochemistry, or

the way you work?

dermatology, in a way where I would be able to repeat it at a funeral:

It’s made it easier for me. I’ve always felt like a black sheep, especially

I had to understand it enough to be able to teach it in such a way. If

in dermatology, which I know is odd. I’ve always felt like I had to put

I was able to relay the information in a very simplistic way, then I

up a front, act a certain way, be a certain way. With social media, it

understood it. I never just tried to memorise the jargon for the sake

was honestly liberating because I was speaking as though I was

of memorising the jargon.

speaking to my sister. And so now, when patients come in, they

That has been my experience throughout my life. Even as a practising

already know who I am, and they already know what to expect. I can

physician, as long as I can explain my thought process to the patient

just be who I am, without the politeness that is usually involved. I can

in front of me, then I know that I am explaining it in a cohesive,

just get into it. It’s made it much more enjoyable and easier just to be

consistent way – that it’s not intimidating to them.

myself, because there is no façade from the beginning.

What’s been really successful, and maybe it’s just in
dermatology, is the way that being able to see things change
from what they look like before and during treatment can be
useful in education, and lends itself to videos and visual aids.
When patients are unable to visualise or feel results in

If you are in cardiology, if you are in
ophthalmology, if you are in radiology, as
long as you are passionate about what
you are conveying, that’s the most
important thing.

chronic illnesses like osteoporosis for example, how might
you assure them that progress is being made?

It’s intimidating as a student, because we recognise this is a

It’s very ironic that you ask me this question: 99% of my patients do

communication tool we can use, but there is the question of

not want me to post their photos. So, when I started on social media,

how much of ourselves we’re willing to share publicly. What

I was asking: “How am I going to show my work if 99% of my patients

boundaries do you set that allow your followers into your life

don’t want me to show their pictures?” But if the person across from

while also maintaining your privacy?

you is listening, and you are communicating cohesively, that’s all that

I think ultimately it depends on you as a person, and what you’re

matters. You can have the most beautiful pictures and displays behind

comfortable with. I’ve said to people who have asked me about it: if

you, but the person across from you is never going to assimilate that

you don’t like it at all, don’t do it. You’ll feel like you’re a slave to it
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and you won’t enjoy it. You do it if you enjoy it, and it really shows:

especially early in your career. What strategies have you used

that’s number one. Number two: personal life, for me, has always

that have allowed you to voice what you believe and be

remained personal, even though I’ve let my followers in to a certain

heard, rather than ignored or ostracised?

extent. I’ve always stood firm on maintaining the privacy of my kids,

I think you have to separate what is intimidating and where it is

the privacy of my husband, the privacy of our relationship, and the

coming from. If it is coming from “Wow, this is a respected physician

privacy of our home.

who has a lot of knowledge and I’m kind of intimidated by them, but

Social media for me is a tool for conveying information, for reaching

that’s going to drive me to learn more and be the best I can be so I

people who may not have access. It has never been, “Oh, look at me!

can stand out in their eyes,” then that is positive in my opinion. But

And my sweater! And my hair!” It’s been a tool for conveying

if the intimidation is coming from a figure who puts you down, for the

information: let me reach out to someone and try and help

sake of your mental health, then the right thing to do is to stand up

somebody. In the process, you’ll see a little bit of my kids and my

for yourself, always respectfully, by saying: “I don’t think I deserve to

husband in the background, but they’ve never been the focus or the

be spoken to that way when I’m really trying my best”. And unless the

centre of what I’m trying to do, and they never will be.

person on the other end is a total jerk, then you’re never going to lose
them as a mentor.

The medical world can be slow to adapt to new technology

It’s okay to ask someone to speak to you differently. Being honest is

and change. How do you feel your work in social media has

never going to bite you in the butt. I’ve been bit in the butt for being

been received by the medical community at large?

too honest. But being honest to yourself, and to your own emotions,

I hope I make my colleagues proud. I’m obviously always going to

can never backfire. I know it can be scary. As a medical student, it’s

have haters. If I saw myself for instance, I’d probably roll my eyes and

easier said than done because you’re trying to get your grades up,

think: “What’s this girl doing in her bed?” But I try to stay true to the

you’re trying to get your recommendation letters, you’re trying to

science and the literature. I try to stay true to what I know, what I’ve

prove yourself. So, it’s not always as easy to follow through and do

learned throughout the years from my own patient and clinical

that.

experiences. I’m trying to bring access and awareness to

I do wish that in medicine though, especially for medical students and

dermatology. People don’t even realise that dermatologists are

residents, there was a safe haven where we could go to vent our

physicians. I still get questions like: “How can I go to dermatology

frustration. Because I’ve seen it. I’ve been there. I’ve been on the

school?” So, I’m really trying to raise the awareness level for the

other end of it. I think my best advice is to always stand your ground

specialty. There’s a lack of awareness that we in medicine are fully

and always be respectful. Always come from a place of trying to

aware of, but a lot of people not associated with medicine, aren’t. So,

protect yourself, but also, for the sake of learning, for really getting

I hope I can at least raise that awareness level, and in the process,

the job done and putting your ego aside. You always win.

make my colleagues proud.
Anything that’s different is always going to raise an eyebrow at first.
Even my own father, who is a paediatrician, was asking: “What are
you doing from the bed?” and I had to explain to him: “Dad, don’t
worry about it! I’m just giving out information”. Over time, what is
good will stick. If it’s not good or not necessarily worthwhile, it won’t.

I do wish that in medicine though,
especially for medical students and
residents, there was a safe haven where
we could go to vent our frustration.
Because I’ve seen it. I’ve been there. I’ve
been on the other end of it.

Social media for me was a tool for
conveying information, for reaching
people who may not have access. It has
never been, “Oh, look at me! And my
sweater! And my hair!” It’s been a tool for
conveying information: let me reach out to
someone and try and help somebody.

My mom always tells me, especially whenever I’m down: “Don’t

It can be really intimidating to challenge the status quo,

cuss an opportunity that’s gone, or a door that’s closed in your face.
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You speak a lot about “guardian angels” in your videos, the
people who change the direction of your life and career,
often unexpectedly. How can we be more perceptive in key
transitional moments to the people that turn out to be our
mentors?
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Take it as an unknown opportunity, because you don’t know what is

you’re not an expert, you’re still learning. This is your time to meet

going to happen next”. The best advice I have is to every once in a

people.

while, stop, and look back on your life. Look back and assess how

I wish I had done that more as a resident. I really wish I wasn’t as

certain events and points in time have led you to where you are. You

scared of saying: “I don’t know”. I wish I was able to call the expert

learn to appreciate closed doors and lost opportunities. You learn to

on a case, and say: “Can I follow you, even if it’s for half the day, just

appreciate people who are treating you badly, instead of feeling bad

to see what it’s about?” Maybe you end up learning you hate it.

for yourself. You become more attuned to what you should be

Maybe you end up learning you love it. And maybe this person

doing.

becomes a mentor to you without even knowing it. I think it’s your

I know it might sound ‘hocus-pocus-y’, but I do it often, where I

time to put yourself out there, to not plan anything, to go with the

pause and look back, and think: “Wow, I met this drug rep in Long

flow. You’ll be surprised as to what you can learn.

Island, who then sent my CV to a doctor in Florida, who then sent
my CV to a doctor in New York”. It happens time and time again.
And it only happens when you pause to look back, and realise it’s
happened. Otherwise, it can all pass you by, and you’ll always be
miserable and ungrateful. So, I think it’s really important to pause
and realise how life helps you without you realising it, and try to
connect the dots in retrospect, because it’s only going to help you
in the future. It’s like a bulldozer moment, you just want to power
through and figure it out. Those are the best moments in hindsight.

Do not be afraid to ask why, or to be
annoying. This is your time to be a pest.
This is your time to call people and say:
“Can I follow you? Can I learn?”
Because you’re not an expert,
you’re still learning. This is your time to
meet people.

Those resiliency moments or bulldozer moments that really push
you to the next level, and you don’t even realise it as it’s happening.
You probably hate your life as it’s happening, you know?

My mom always tells me, especially
whenever I’m down: “Don’t cuss an
opportunity that’s gone, or a door that’s
closed in your face. Take it as an unknown
opportunity, because you don’t know
what is going to happen next”. The best
advice I have is to every once in a while,
stop, and look back on your life.

Dr Shereene Idriss
Shereene Idriss, MD is a board-certified dermatologist and an
expert in facial rejuvenation and minimally invasive body
contouring. After graduating magna cum laude from the
seven-year Medical Honors Program at The George Washington
University, Dr Idriss completed a research fellowship at Harvard
University, and finalised her dermatology training at Tufts Medical

Finally, what is one parting word of advice you have for

Center in Boston before relocating to New York City. She was a

budding physicians – is there anything you wish you had

Clinical Assistant Professor of Dermatology at NYU before

known at the start of your career?

becoming a Clinical Instructor in Dermatology at the Icahn School

After residency, there is no more planning. You’ve reached where

of Medicine at Mount Sinai. Dr Idriss is also a Fellow of the

you want to go. Even with fellowships, there’s not so much

American Academy of Dermatology, the American Society for

planning. Just go with the flow. Learn to live in the moment, without

Dermatologic Surgery, the Dermatologic Society of Greater New

so much planning. You’ll be so amazed by what you learn, what you

York, and the Women’s Dermatologic Society. She has published

absorb.

several research papers, including award-winning publications on

I will also say, when you are in residency, don’t be afraid to say that

the evolution of dermatology in the digital age, which have set

you don’t know the answer to something. Do not be afraid to ask

the foundation of her #PillowtalkDerm series on YouTube and

why, or to be annoying. This is your time to be a pest. This is your

Instagram.

time to call people and say: “Can I follow you? Can I learn?” Because
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The scope of surgery at
district level in Tanzania:
evidence from six facilities
Abstract
Background: Global access to surgery is a recognised priority of the World Health Organisation
(WHO). The disparity of surgical access is most apparent in rural communities in low-income
countries, where nine out of ten people lack access to basic surgical care. Rural communities in
African countries such as Tanzania rely on district hospitals to meet their basic surgical care
needs. This retrospective study looks at surgeries performed in six district hospitals in Tanzania
to better understand the surgical needs currently being met. The research aims to analyse the
scope of surgical care at district level in Tanzania by collecting data on the types of procedures
performed, gender and age distribution of patients, and the qualifications of healthcare workers
performing the surgeries.
Methods: Surgical data for six district hospitals were collected and coded for exploratory
analysis.
Results: Demographics from the six district hospitals showed that 89.1% of surgical patients
were female, and most cases were obstetric procedures (79.8%). Specifically, 74.3% of the
obstetric procedures were caesarean sections. Additionally, a significant number of surgical
procedures were performed by non-physician clinicians (43.7%). However, there was no
difference in patient mortality for surgeries performed by medical doctors versus those
performed by non-physician clinicians.
Conclusion: The results from this study demonstrate a need to increase the number and types
of procedures performed at district hospitals to alleviate the burden of referrals to the
higher-level hospitals. Additionally, non-physician clinicians demonstrated adequate skills to
perform surgeries at the district hospitals. More resources should be allocated to district
hospitals for the purposes of training and retention of non-physician clinicians. Implementing
these critical changes may hopefully improve surgical access in rural communities in Tanzania.
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 18-22.

Background
Global access to surgery is a recognised priority of
1

outcomes, such as overall decreased quality of life

the World Health Organisation (WHO). According

and premature death. Tanzania, a country in East

to a study published in 2015, more than 4.8 billion

Africa, is notably lacking in care given that the

2

people lack access to surgical care. The disparity

majority of its population (75%) is rural.3 To

between low-income and high-income countries is

understand the healthcare deficiencies in a rural

made apparent when the subjects are stratified by

setting, the healthcare system needs to be

Katelyn Gallo

epidemiological region. Some 394 million people,

evaluated at the level of the district hospitals.

RCSI medical student

or 99% of the Eastern Sub-Saharan Africa

In Tanzania, district hospitals serve as the main

2

population, do not have access to surgical care.

access to healthcare for most of the population.4

This disparity inevitably leads to poorer health

These hospitals must have adequate equipment
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and surgical personnel, including staff trained in the administration of

Table 1: Gender data for the six hospitals.

anaesthesia, in order to provide surgical services. A 2019 study that

Gender

investigated the anaesthesia capacity in three African countries
discovered that 67% of the hospitals interviewed in Tanzania reported

Number

% of total

Male

402

10.9

Female

3,288

89.1

issues with the skill level of their anaesthetists.5 The study also found
that many hospitals reported issues with the functionality of their
anaesthesia machines.5 Without such necessities for surgical

procedures to their local cohort. Another concern with district-level
hospital care is the lack of reporting and standardisation (e.g.,
uniform documentation), which potentially leads to poorer health
outcomes.6 According to a study published in 2021, only 73% of
district hospitals in Tanzania conducted surgical case reviews, and less

Number of surgeries

procedures, district hospitals cannot provide major surgical

1,250
1,037
1,000
877

846

803
750
500
250

206

than one-third reported surgical morbidity and mortality.6 Lack of
documentation renders hospital systems unable to identify areas that

28
0

Dareda

need improvement.
High referral rates to larger hospitals are another common occurrence
in the districts, which weakens the value of district hospitals and

Handeni

Kibosho

Magugu

Mbulu

Simanjiro

District hospital
FIGURE 1: Distribution of surgeries performed across six different district hospitals in
Tanzania.

increases the burden on larger hospitals. A general lack of resources
in district-level hospitals prevents them from performing surgeries

in the Kilimanjaro region, has a population of 10,258, and Handeni in

and minimises their benefit to local cohorts. In 2020, a northern

the Tanga region has a population of 276,646.8

Tanzania study found that lack of staff, equipment shortages, and
shortages of other supplies, including medications, were the most

Data collection

7

Hard copies of operating room (OR) registers from 2019 were

Therefore, it is critical to improve the effectiveness of district-level care

submitted from the six district hospitals. The data were then

in order to prevent congestion at regional and national hospitals.

transferred to an Excel file by two researchers. The study variables

There is a great need for evaluation and quality improvement in the

extracted from the data included patient age, sex, diagnosis/

district hospitals in Tanzania, as this may significantly affect patient

condition, surgical procedure (e.g., caesarean section [CS], hernia

outcomes. This research aims to evaluate the surgical procedures

repair), urgency (elective or emergency), type of anaesthesia (e.g.,

performed in six district hospitals in Tanzania.

local, spinal), healthcare personnel that performed the surgery (e.g.,

frequently reported reasons for referrals to larger hospitals.

medical officer [MO], assistant medical officer [AMO]), and the

In Tanzania, district hospitals serve as the
main access to healthcare for most of the
population. These hospitals must have
adequate equipment and surgical
personnel, including staff trained in the
administration of anaesthesia, in order to
provide surgical services.

post-surgical status of the patient (alive or deceased). After the hard
copies were converted to Excel format, the data were screened for
errors, duplications, and incomplete entries.

Data analysis
The data were coded for frequency and exploratory analysis. Before
the cleaned data were imported into Jamovi, some variables were
re-coded based on pre-existing literature and a coding scheme

Methods

developed by the senior researchers of this project, which is detailed

Study setting

as follows. The surgical procedures were arranged into seven

Data from six Government district hospitals in Tanzania were used for

categories: obstetric/gynaecological; general; gastrointestinal; male

this research. Four of the six hospitals are located in the Manyara

genitourinary; eye; ear, nose and throat (ENT); and, orthopaedic.

region of Tanzania (Mbulu, Dareda, Magugu, and Simanjiro) and

Anaesthesia types were grouped into five categories: local; regional;

collectively serve a population of roughly 811,000.8 Kibosho, located

spinal; general; and, ketamine/other. The surgical providers were
Volume 15: Number 1. 2022 | Page 19
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FIGURE 2: Age distribution of patients

851

in the sample.

800
688

Number of patients

700
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600
500
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400
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300
200
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9
-9

5

3

96

-9

0
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91

5

22
-9

24

86

0

66

-7

5

0

-6
61

56

-6

5

0

-5

-5

-4

46

51

5

0

41

0

5

-4
36

-3

-3

31

-2
0

-1
5

-2
5

26

21

16

610

11

9

15

00.

44

35

0

45

-8

53

81

55

5

52

-8

56

1

0

-7

58

76

51

71

90

100

Age of patients (years)

2%
3%

3%

on female patients (89.1%). As seen in Figure 2, the patients who

4% 2%

underwent the most surgical procedures belonged to the 21-25 age
group (n=851), followed by the 16-20 age group (n=688), and the
Obs/Gyn

6%

26-30 age group (n=672).

General

The percentage of each type of procedure performed is shown in

GI
Male genitourinary

Figure 3. Obstetric and gynaecological procedures were the most
common surgeries performed (80%), followed by general surgeries

Eye

(e.g., hernia repairs, haemorrhoidectomies, re-suturing), which

ENT
Orthopaedic

constituted 6% of all surgical procedures. Some 2,740 CSs were
performed across the six hospitals, as seen in Figure 4. The largest

80%

number of CSs were performed among females aged 21 to 25 years
FIGURE 3: Percentage of each type of procedure performed.

categorised

into

three

different

groups:

old. The second most frequent age group undergoing CS were patients
medical

doctors;

non-physician healthcare providers; and, specialists.

aged 16 to 20 years old. Of note, 23 patients were between 11 and 15
years old.
The cadre of healthcare providers performing each surgery at the six

Ethics

district hospitals is highlighted in Table 2. While medical doctors

Ethical clearance for the study was secured from the Research Ethics

performed most surgical procedures in some district hospitals,

Committees of the Royal College of Surgeons in Ireland (REC 1417).

including Handeni and Kibosho, most surgeries in Dareda and Mbulu

Clearance was also obtained from the University of Zambia

were performed by non-physician clinicians (NPCs), 54.96% and

Biomedical Research Ethics Committee (No. 005-05-17), the

87.74%, respectively. No specialists were present in surgeries

Kilimanjaro Christian Medical College Research Ethics and Review

performed at hospitals in Magugu, Mbulu, and Simanjiro. Table 3

Committee (No. CRERC 2026), and the National Institute for Medical

shows that there were no differences in patient mortality between

Research in Tanzania (No. NIMR/HQ/R.8a/Vol. IX/2600).

surgeries performed by medical doctors and those performed by NPCs.

Results

The number of trained surgeons, and the
location of the district hospitals, are
factors that likely influence the number of
surgeries performed in the districts.

A total of 3,697 surgical cases were recorded in the six hospitals
during the study period. The distribution of surgeries performed is
illustrated in Figure 1. Handeni district hospital performed the most
procedures (28%), and Simanjiro district hospital performed the least
(0.8%). Table 1 describes the patient gender distribution for the six

Discussion

hospitals, and shows that most surgical procedures were performed

The number of surgeries performed in 2019 at each district hospital
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784

800

FIGURE 4: Frequency of CSs
performed among age groups.

636

606

388

400

243
200
52

23

5
-5
51

0
-5
46

5
41

-4

0
-4
36

5
-3
31

21

26

-3

-2
5

0

4
-2
0

-1
5
11

610

15

00.

9

0

16

Number of patients

600

Age of patients (years)

Table 2: Cadre of healthcare providers performing
surgery.
Hospital

Medical doctor

Non-physician
clinician

obstetric/gynaecology procedures (Figure 3). This aligns with

Specialist

Tanzania’s high fertility rate, given that the average number of
children per woman is 5.2.10 A total of 10.9% of patients who

Dareda

200

482

195

underwent a CS were 20 years old or younger (Figure 4). The high

Handeni

614

359

63

number of early-childbearing mothers is reflected in a similar

Kibosho

543

108

147

Tanzanian study conducted in 2019, which showed that roughly 25%

Magugu

13

93

0

of girls aged 15-19 were pregnant or had already given birth.11

Mbulu

548

285

0

Additionally, a notable 43.7% of surgical procedures in the six districts

Simanjiro

28

0

0

were performed by NPCs rather than medical doctors (Table 2).
Some 55% of surgeons in Dareda and 87.6% of surgeons in Magugu

Table 3: Cadre of healthcare providers performing
surgery and status of patients post surgery.

were NPCs. However, while NPCs undergo less training than medical

Patient status

Though patient outcomes were not investigated in full, these findings

Cadre of healthcare provider

Alive

Deceased

Medical doctor

1,899

0

Non-physician clinician

1,298

0

403

0

Specialist

doctors, no differences in patient mortality were seen (Table 3).

support the conclusions of a 2019 study in Zambia, which found that
non-physician training was a safe method for increasing the number
of skilled surgeons in rural hospitals.12 It may therefore be beneficial
to train and retain NPCs to improve surgical access in the rural
communities in Tanzania.

varied greatly. The highest number of procedures was performed at
Handeni district hospital (n=1,037), while only 28 procedures were
performed at Simanjiro district hospital (Figure 1). The number of
trained surgeons, and the location of the district hospitals, are factors
that likely influence the number of surgeries performed in the
districts. Most cases performed at the six district hospitals were

It may therefore be beneficial to
train and retain NPCs to
improve surgical access in the rural
communities in Tanzania.

obstetric cases (Figure 4), and 89.1% of surgical patients were female

There were no surgical specialists at Magugu, Mbulu, and Simanjiro

(Table 1). These findings differ from a study published in 2019, which

hospitals (Table 2). Specialists are vital in a hospital setting, as they

found that general surgery was the most frequently performed

improve the quality of care and safety for more complex procedures.

operation at a tertiary referral hospital in rural Tanzania, followed by

Further analysis of the most frequent referrals made at each district

orthopaedics and gynaecology.9

hospital may aid in this research. This information may provide even

Some 23% of surgical patients in the study were aged 16-30 years

more insight into the areas in which the district hospitals are lacking,

old, and most procedures performed in this age group were

in order to meet the needs of the patients at a local level. This would
Volume 15: Number 1. 2022 | Page 21
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in turn alleviate some of the burden experienced by the regional and

provide unique insight into the surgical activity of rural district

central hospitals.

hospitals.

The six Tanzanian district hospitals included in this report did not use

This study highlights the need for research that investigates whether

a standardised printed OR registrar. The reports were handwritten,

increasing surgical training for NPCs improves the surgical capacity

which increased the likelihood of error both at the time of reporting

of district hospitals in Tanzania. Although it has been proven that

and in this study. Another limitation of this study was the missing

NPCs have adequate surgical skills, additional research should also

data from the OR datasheets. Given that they were handwritten and

focus on the best training processes to ensure satisfactory patient

lacked an organised format, this may have impacted on the accuracy

outcomes and improve retention rates.

of the data. There was also a lack of post-surgical information, which
made it difficult to appreciate patient outcomes. There was, for
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The immune hypothesis of
schizophrenia

Abstract
Schizophrenia is a complex disease with an elusive aetiology. To date, most of the research
on schizophrenia has focused on aberrant neurotransmission pathways. However,
antipsychotic medications that target these pathways are largely ineffective and frequently
associated with adverse effects. A growing body of evidence indicates that schizophrenia may
be in part caused by dysfunction of the immune system, with various documented cases of
spontaneous symptom remission following high fever or stem cell transplant. This review
aims to outline the prevalent theories underlying the immune hypothesis of schizophrenia. In
particular, it focuses on the role of genomic modulators of the immune response, maternal
Ruby Sannoufi
RCSI medical student

immune activation, autoimmunity, and the gut microbiome in the pathogenesis of
schizophrenia.
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 23-27.
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Introduction

report described remarkable improvements in the psychotic

Schizophrenia was first described as dementia praecox in the late

symptoms of a 24-year-old male with severe treatment-resistant

19th century by German psychiatrist Emil Kraepelin.1 Kraepelin was

schizophrenia following a bone marrow transplant that he received for

the first to propose a relationship between the pathogenesis and the

acute myeloid leukaemia.9 Similarly, a 2014 case report documented

distinct clinical manifestations of psychiatric disorders, refuting the

the experience of a 67-year-old male who developed untreatable

prevailing belief that all forms of psychosis were indicative of the

chronic psychosis following an allogenic stem cell transplant from a

In over a century since

sibling with schizophrenia.10 These were both monumental findings

schizophrenia was characterised as a disorder of chronic

that contributed to the cumulative evidence in support of

deterioration and poor prognosis, very little has changed in terms of

immunological involvement in the development of schizophrenia.

prognosis.1,2

has

Overall, these findings justify further investigation of the association

predominantly focused on the role of neurotransmitters, particularly

between the immune system and schizophrenia, as it may ultimately

how hyper- and hypoactivity of dopamine receptors are associated

advance therapeutic options.

same underlying disease process.

Therapeutic

1

research

on

schizophrenia

with positive and negative symptoms, respectively.3 However,
although anti-dopaminergic drugs are currently used as first-line
treatment, they only produce favourable outcomes in 20% of
patients, and often exacerbate negative symptoms.3 Over 70% of
patients eventually discontinue treatment due to inefficacy or
intolerable side effects.4 There are significant gaps in the medical
community’s understanding of schizophrenia that must be explored

Although anti-dopaminergic
drugs are currently used
as first-line treatment, they only
produce favourable outcomes
in 20% of patients, and often
exacerbate negative symptoms.

in order to improve prognosis and develop more effective treatment
options. Although the aetiology of schizophrenia is likely

Evaluating the evidence

multifactorial, there is novel evidence to suggest that dysregulation

Genomic studies

of the immune system may be the underlying mechanism behind its

Although the genetic architecture of schizophrenia is highly

complex pathogenesis.

heterogenous, there are several chromosomal regions that are
consistently linked with immune function in the literature.11 In the

Brief history

largest twin study conducted on schizophrenia to date, heritability of

The immune response has a known role in the development of

schizophrenia was estimated to be 79%.12 Multiple genome-wide

neurological disorders such as multiple sclerosis (MS) and

studies have identified seven single nucleotide polymorphisms (SNPs)

5

Guillain-Barré syndrome. While research on the association between

on chromosome 6p21.32-p22 that are strongly associated with the

the immune system and psychiatric disorders is still in its relative

development of schizophrenia.13,14 Chromosome 6p21.32-p22 spans

infancy, there is strong evidence to support this relationship. One of

the major histocompatibility (MHC) region – a highly polymorphic

the earliest studies on the subject was conducted in 1917 by Julius

region in the human genome that contains over 100 genes involved

Wagner-Jauregg, who successfully treated patients with general

in immune function.14 Most notably, it contains genes that encode for

paresis by artificially inducing a fever, a method known as

the primary effectors of antigen recognition and presentation: MHC

pyrotherapy.5 The role of fever in ameliorating psychosis is uncertain,

class I and II.15 One SNP in the MHC region that has been linked to

but it is theorised that the mechanism may involve the activation of

schizophrenia is the overexpression of C4A and C4B, which code for

heat shock proteins to relieve oxidative stress and inflammation.

protease C4 of the complement cascade.16 The complement cascade

Although pyrotherapy is no longer used, there have since been several

is involved in inflammation and plays a key role in the innate defense

documented cases of patients with spontaneous resolution of severe

against pathogens.17 Crucially, it is also involved in the activation of

psychotic symptoms following high fever associated with a bacterial

microglia, which mediate synaptic pruning during critical periods of

6,7

In 1930, the renowned haematologist William Dameshek

brain maturation.16 Overexpression of C4 in mice models has been

investigated leukocyte count in patients with schizophrenia. He found

found to induce hallmark features of schizophrenia in juvenile and

that approximately 30% of patients had reductions in neutrophils and

adult mice such as impaired memory, reduced social functioning, and

infection.

8

lymphocytes. This indicates that a significant number of patients with

altered gamma-aminobutyric acid (GABA)ergic and glutamatergic

schizophrenia may have depressed immune responses. In 2017, a case

transmission.17 These findings may illustrate a relationship between
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the expression of genes involved in the immune system, and the

schizophrenia-like symptoms in mice.20 By demonstrating that

pathogenesis of schizophrenia.

maternal immune activation reduces the levels of chemokines
involved in foetal neurodevelopment, this study substantiates the

Although the genetic architecture of
schizophrenia is highly heterogenous,
there are several chromosomal regions
that are consistently linked with immune
function in the literature.

theory that dysregulation of the immune system may be involved in
the aetiology of schizophrenia.

The gut microbiome
The gastrointestinal (GI) tract is a major component of the immune
system, as it hosts trillions of commensal bacteria collectively known

Maternal immune activation

as the gut microbiome.21 The microbiome overlies the epithelial cell

The link between prenatal infection and the development of

layer on the luminal surface of the GI tract and functions as an innate

schizophrenia has been well documented. For example, infants who

barrier defence, blocking the colonisation and growth of invading

were exposed to the rubella virus in utero during the 1964 pandemic

pathogens.21 Disruptions in the composition of the microbiome,

were 20% more likely to develop schizophrenia as adults.18 Maternal

known as intestinal dysbiosis, can compromise this barrier function,

infections with other viruses such as Toxoplasma gondii, herpes

leading to the translocation of harmful bacterial products into the

simplex, and influenzas have also been shown to be risk factors for

circulation, which results in systemic inflammation.21 Considering the

schizophrenia.18 This indicates that it is maternal immune activation

evidence

(MIA) during critical periods of foetal neurodevelopment that may

schizophrenia, it is plausible that gut dysbiosis may be a possible

predispose an individual to developing schizophrenia, rather than any

mechanism underlying the disorder.

that

inflammatory

responses

are

implicated

in

particular infectious agent. The release of pro-inflammatory cytokines
such as IL-8 and TNF-α is one common mechanism by which different
prenatal infections may increase the risk of schizophrenia.18
Animal studies have further examined the effect of MIA by treating
pregnant mice with immunostimulants, including lipopolysaccharide
(LPS) and polyinosinic:polycytidylic acid (poly I:C).19 LPS and poly I:C
simulate bacterial and viral infections by activating different toll-like

Considering the evidence that
inflammatory responses are implicated in
schizophrenia, it is plausible that gut
dysbiosis may be a possible mechanism
underlying the disease.

receptor pathways, leading to the production of cytokines that are
responsible for initiating the innate immune response.19 Offspring in

Multiple studies have found that lactobacilli, a normal component of

studies using this model of MIA have been found to manifest some of

the human gut microbiome, are significantly elevated in the faecal

the behavioural features of schizophrenia, such as deficits in prepulse

microbiota of patients with schizophrenia.22,23 High levels of

inhibition, latent inhibition, anxiety, social withdrawal, and

lactobacilli have been shown to be positively correlated with

19,20

anhedonia.

These behavioural changes have also been shown to

symptom severity in schizophrenia, and negatively correlated with

be accompanied by molecular changes in the brain, such as

the remission rate following treatment.23 Furthermore, patients with

reductions in the levels of CX3CL1 and CD200R in the

schizophrenia have also been found to have elevated levels of

hippocampus.20 CX3CL1 is a chemokine that induces synaptic

monocyte activation markers such as CD14, IL-6, IL-8, and TNF-α,

remodelling. Since it is typically upregulated during critical periods of

which possibly indicates increased intestinal permeability and

development, a deficiency in CX3CL1 results in immature

subsequent translocation of bacterial products.24 These findings have

connectivity and weak synaptic transmission. Brain function in the

implications for treatment, as there is some evidence that certain

offspring is further compromised by reductions in CD200R, which

probiotic supplements to correct intestinal dysbiosis may improve

binds the inhibitory chemokine CD200 to regulate microglial

schizophrenia symptoms.24 However, most of the research

20

migration and phagocytosis.

Disinhibition of microglia leads to

investigating the therapeutic use of probiotics in schizophrenia

neurodegeneration, which may explain the compromised levels of

treatment is inconsistent, and it is unclear which bacterial strains are

dopamine and serotonin that are also observed in schizophrenia.19

the most beneficial.24 Although the preliminary evidence that the gut

Interestingly,

during

microbiome may be involved in schizophrenia is limited and varied,

peri-adolescence has been shown to prevent the emergence of

the role of the gut microbiome in other psychiatric disorders such as

administration

of

antipsychotic

drugs
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major depressive disorder makes it a valid research target for

individuals.29 The catalytic activity of these autoantibodies also varies

schizophrenia.22

depending on the disease course; patients with a continuous course
of paranoid schizophrenia have been found to have the highest

Multiple studies have found that
lactobacilli, a normal component of the
human gut microbiome, are significantly
elevated in the faecal microbiota of
patients with schizophrenia.
The autoimmune hypothesis

activity, followed by those with acute schizophrenia, and those in
remission.29 This is consistent with various post-mortem studies that
have

identified

deficits

in

myelination

and

damage
29

oligodendrocytes in the brains of schizophrenic patients.

to

Overall,

there is compelling evidence of a possible autoimmune mechanism of
schizophrenia, but further research is required to corroborate this
association.

Many large-scale epidemiological studies have found that there is a

One study found that 11% of patients
with schizophrenia had
N-methyl-D-aspartate (NMDA) receptor
antibodies, while none were found in
control subjects.

relatively higher risk of psychosis among individuals with autoimmune
diseases.25 For example, MS increases the risk of schizophrenia by up
to 44%, while coeliac disease increases the risk of schizophrenia by
53%.25 In a 30-year population-based register study, having an
autoimmune disease was found to increase the risk of schizophrenia
by 29%.26 This study also found a dose-response relationship between
schizophrenia development in patients with an autoimmune disease
26

and prior hospitalisation due to infection.

Conclusion

It was proposed that this

It is evident that the potential involvement of the immune system in

may be because infection can compromise the integrity of the

the development of schizophrenia must be further explored. The

blood-brain barrier, which permits an influx of autoantibodies and

current literature suggests that dysfunction of the immune response

inflammatory cells into the brain.

26

Streptococcal infections in

may be a unifying hypothesis to explain the genetic, environmental,

particular have been associated with the development of

and biological mechanisms that have been explored in the

brain-reactive autoantibodies through a mechanism involving

pathophysiology of schizophrenia. The strong association between

molecular mimicry.27

the MHC region and schizophrenia offers some of the most

The

association

between

autoantibodies

and

schizophrenia

compelling evidence of the role of the immune system in

development has also been supported by post-mortem studies. For

schizophrenia pathogenesis. Furthermore, animal studies have

example, one study found that 11% of patients with schizophrenia

demonstrated that MIA elicits brain maldevelopment and

had N-methyl-D-aspartate (NMDA) receptor antibodies, while none

behavioural abnormalities in offspring in a way that resembles

were found in control subjects.27 NMDA receptors are ionotropic

hallmark features of schizophrenia. The link between schizophrenia

glutamate receptors that induce synaptic plasticity, a process that is

and autoimmune diseases, as well as gut microbiome dysbiosis,

crucial for learning and memory. In another case study, a patient with

further implicates the immune system in its development. Up to

NMDA receptor antibodies showed significant improvement in

30% of patients with schizophrenia are treatment resistant,

psychotic symptoms following elimination of these antibodies from

meaning they fail to respond to at least two trials of antipsychotic

the serum through plasmapheresis.28 Research has also shown that

medications.30 This substantiates the need to further investigate the

the titre of autoantibodies against myelin basic proteins in

immune system as a possible target for the development of novel

schizophrenic patients is nearly two-fold higher than in healthy

therapeutic strategies.
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Safety and clinical efficacy of
dexamethasone for COVID-19
hospitalised patients

Abstract
Dexamethasone, a synthetic glucocorticoid, is currently one of the leading corticosteroids in
the respiratory treatment of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Several studies and randomised controlled trials (RCTs) have confirmed its clinical benefits;
however, its dosing regimens, adverse effects, and use in pregnant and paediatric patients
remains under-researched. An assessment of confounding variables, such as age and
comorbidities, is also urgently needed to more accurately reflect the SARS-CoV-2 patient
population and to help guide current recommendations for treatment with dexamethasone.
Additional research on the combined use of dexamethasone and monoclonal antibodies such
as tocilizumab and baricitinib has the potential to further improve patient outcomes. This paper
Rama Alkhaldi

reviews emerging data on dexamethasone’s clinical efficacy, highlights challenges to be
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addressed, and identifies potential drugs to be used in combination with dexamethasone to
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achieve improved patient prognosis.
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Introduction
The coronavirus SARS-CoV-2 (COVID-19) has had a significant impact

mortality rate for COVID-19 patients requiring respiratory support

on the global community, infecting over 224 million people.1 This

(mechanical ventilation or supplemental oxygen).12 The patients in

disease can be asymptomatic. Mild cases present with fever and dry

this study who required respiratory support (n=1,192) were over the

cough, while severe cases manifest with dyspnoea, hypoxia, and mild

age of 51 (79.1%), non-obese (71%), non-smokers (84.8%), and had

pneumonia. Complications can cause severe pneumonia leading to

an underlying medical condition (66.5%).12 The other patient cohort,

hospitalisation.2

becomes

who did not require respiratory support (n=11,018), were over the

uncontrolled, patients are at risk of developing acute respiratory

age of 51 (62%), non-obese (88%), non-smokers (91.6%), and did

distress syndrome (ARDS), which can result in diffuse alveolar

not have any underlying medical conditions (75%).12 There was no

damage, multi-organ failure, and death.2-4 Emerging clinical studies

significant difference found between the control group and the

and randomised controlled trials (RCTs) have now confirmed that

intervention group.

COVID-19 patients with severe complications are more likely to

A similar study by Vecchié et al. used the same dexamethasone dose

benefit from anti-inflammatory and immunosuppressive agents such

regimen of 150mg, and showed a rapidly improved clinical status as

as systemic corticosteroids when used in addition to supportive care

measured by higher PaO2/FiO2 levels, along with decreased

including fluid management, oxygen therapy, and mechanical

inflammatory biomarkers, including C-reactive protein and ferritin, in

the

immunological

response

Corticosteroids block cellular pathways associated

hospitalised COVID-19 patients.13 The patients included were mainly

with an exaggerated production of pro-inflammatory cytokines,

overweight and had a mean age of 69 years.13 Common

ventilation.

2,5-7,8

If

9

which is elicited by infection with COVID-19. Currently, the National

comorbidities

Institute of Health (NIH) recommends dexamethasone as a

hypertension, cardiovascular disease, diabetes, and obesity.13

corticosteroid for hospitalised COVID-19 patients who require

Collectively, these results indicate that high-dose dexamethasone

respiratory support. This is due to its observed effect of decreased

administered orally or intravenously is beneficial to critically ill

10

mortality in this cohort.

Patients who required respiratory support

and who also received dexamethasone had a lower end-point event

witnessed

in

the

patients

at

baseline

were

COVID-19 patients who are typically older and have a known
comorbidity.13

of death than those who did not receive dexamethasone.10 At
present, research is rapidly evolving with regard to the beneficial use
of

corticosteroids

for

COVID-19

patients.

In

this

article,

dexamethasone’s efficacy in the setting of COVID-19, as well as its
clinical and social challenges, are reviewed.

Dexamethasone in COVID-19

The proven benefits of dexamethasone for
COVID-19 patients have prompted the
initiation of its widespread use in
hospitals and in many clinical research
studies.

The proven benefits of dexamethasone for COVID-19 patients have

Conversely, one study that investigated administering oral or IV

prompted the initiation of its widespread use in hospitals and in many

dexamethasone at a dose of 6mg per day for 10 days (cumulative dose

clinical research studies. In the United States, between July 2020 and

60mg), was unable to confirm that reduced hospital stays, and

February 2021 alone, 70-77% of mechanically ventilated patients

reduced reliance on mechanical ventilation in the dexamethasone

received dexamethasone.11 Some 45.3% of those who were

group, was related to the drug.14 However, it is likely that the results

11

administered dexamethasone were over the age of 75 years. Higher

of this study differ from others as demographic and clinical parameters

rates of dexamethasone (39.1%) were administered to hospitalised

influencing antibody kinetics were not adjusted to accurately reflect

COVID-19 patients compared to other drugs such as remdesivir

the sample size.14 Administration of dexamethasone within 24 hours

(21.2%) and hydroxychloroquine (6.3%).11

from onset of hypoxaemia was found to be associated with a

Numerous studies have investigated differing methodologies for the

decreased reliance on oxygen and a shortened hospital stay, thus

administration of dexamethasone with the aim of enhancing its

supporting the need for early administration.15 Importantly,

efficacy in COVID-19 hospitalised patients.12-17 One study found that

dexamethasone use in patients not requiring respiratory support has

oral or intravenous (IV) high-dose dexamethasone, 10mg 1x/day for

been demonstrated to have no benefit, and resulted in one death for

six days or 20mg 1x/day for five days, followed by 10mg 1x/day for

every 27 patients treated with standard care in one study.16

five days, at a cumulative dose of either 60 or 150mg, decreased the

Dexamethasone has been shown to induce hyperglycaemia, which
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FIGURE 1: Ventilator-free days at 28 days for the CoDEX RCT.

results in increased mortality rates in hospitalised COVID-19 patients
17

irrespective of diabetic status.

in the standard of care only group (25.7%), with the mortality benefit

Steroid-induced hyperglycaemia,

being greatest for those on respiratory support (invasive mechanical

coupled with the detrimental effects of COVID-19 on insulin

ventilation or oxygen only), with more than seven days of symptoms.5

sensitivity, and beta cell function caused by a cytokine storm, can

The immunosuppressive and anti-inflammatory properties of

cause glycaemia-related complications such as ketoacidosis and

dexamethasone reduce organ damage resulting from the body’s

hyperglycaemic hyperosmolar state.17 One study that provided

uncontrolled inflammatory response to the infection. This was

guidance

dexamethasone-induced

supported by the aforementioned trial, as the duration of

hyperglycaemia in the intervention group achieved lower in-hospital

hospitalisation and need for renal replacement therapy was reduced

mortality rates than the control group that did not receive guidance

for all patients taking dexamethasone.5 There were four reports of

(12.9% vs 29.9%, respectively); well-controlled glucose levels among

cases with adverse effects related to dexamethasone, including two

patients were also observed in the intervention group.17 This was

reports of hyperglycaemia, one of gastrointestinal haemorrhage, and

accomplished by assessing glycaemic patterns daily, and by

one of psychosis.5

on

the

management

of

complying with a strict follow-up plan to maximise the benefits of
dexamethasone.17 These findings have important implications for the
in-hospital administration and management of dexamethasone in the
COVID-19 patient population.

Randomised controlled trials
The RECOVERY trial is a pivotal open-label RCT that influenced the
5

The RECOVERY trial is a pivotal open-label
RCT that influenced the current NIH
guidelines for the administration of
dexamethasone.
Another RCT assessed the effect of 20mg dexamethasone 1x/day for

current NIH guidelines for the administration of dexamethasone. The

five days, followed by 10mg 1x/day for five days, in 299 hospitalised

effects of 6mg (1x/day for 10 days) of dexamethasone versus the

adults with moderate or severe ARDS due to COVID-19.4 The

standard of care were evaluated in hospitalised patients with

intervention group had a higher number of days alive and free from

confirmed

or

ventilation during the first 28 days at 6.6 days, compared to the

breastfeeding women.5 Out of 6,425 patients, 2,104 were treated

or

suspected

COVID-19,

control group at 4.0 days (Figure 1).4 This benefit is in line with a

with dexamethasone, while 4,321 were treated with usual care.5

previous RCT, which used the same dosage of dexamethasone with

All-cause mortality was lower in the intervention group (22.9%) than

non-COVID-19 ARDS patients.18 A more recent RCT included 50
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patients with mild to moderate ARDS due to COVID-19.8 The

promising benefits for COVID-19 patients.20 Baricitinib and

intervention group received the same dosage of dexamethasone.

tocilizumab (TCZ) are promising therapeutics administered with

Surprisingly, results showed no clinical benefit of this dosage for these

corticosteroids for patients requiring oxygen delivery using a high-flow

8

patients. The main limitations of this study included a small sample

device or non-invasive ventilation.20 An RCT was conducted on adult

size of 50 patients, and no measurement of inflammatory markers

COVID-19 patients who did not receive invasive mechanical

such as C-reactive protein. Further research is required to effectively

ventilation; the authors concluded that oral baricitinib (4mg 1x/day

compare the different dexamethasone dosing regimens in order to

for up to 14 days) with usual care (treatment with remdesivir,

determine their benefit for COVID-19-induced ARDS. A prospective

dexamethasone, or both) decreased 28-day mortality compared to

phase II, open label RCT aims to determine if high-dose

usual care only for patients receiving high-flow oxygen or non-invasive

corticosteroids (20mg of dexamethasone) are more beneficial for

ventilation.21 It was also noted that one additional death was

COVID-19 patients with moderate to severe ARDS than the approved

prevented for every 20 people treated with baricitinib.21 In contrast,

6mg 1x/day of dexamethasone dosage.19 Until then, the NIH

another RCT in COVID-19 patients with hypoxia and high

guidelines remain the same.

inflammatory markers – of whom 82% were receiving systemic
corticosteroids – found that addition of IV TCZ (8mg/kg, max 800mg

Corticosteroids with tocilizumab or baricitinib

per dose) resulted in reduced mortality, time until discharge, and need

Recent studies have proven that using monoclonal antibodies or small

for invasive mechanical ventilation.22 Several adverse events related to

molecule inhibitors in combination with dexamethasone has

TCZ were noted, including otitis externa, Staphylococcus aureus

Table 1: Prospective RCTs for baricitinib/tocilizumab and dexamethasone therapy on COVID-19 hospitalised patients.
CTI
NCT0464016823

Study type

Population

Intervention

Primary outcomes

RCT

N=1,010, 18-99yrs,
non-pregnant women,
increased oxygen requirement

Baricitinib (4mg 1x/day, p=14) + remdesivir
+ dexamethasone placebo

Reduction in death, hospitalisation,
ECMO at 28 days

Baricitinib (4mg 1x/day, p=14) + remdesivir
+ dexamethasone (6mg 1x/day, p=10)
NCT0483288024

RCT

N=4,000, 18+yrs, less than
10 days from symptom onset,
cytokine storm

Dexamethasone only (6mg 1x/day, p=10)

Prevention of severe respiratory
failure/mortality

Remdesivir + dexamethasone
(6mg 1x/day, p=10)
Remdesivir + baricitinib (4mg 1x/day, p=10).
Dexamethasone + baricitinib
(4mg 1x/day, p=10).

NCT0497071925

NCT0489062626

NCT0447697927

RCT

RCT

RCT

Remdesivir + dexamethasone
(6mg 1x/day, p=10)

Proportion of deteriorating
conditions requiring a
higher dose dexamethasone
“rescue treatment”

N=2,193, 18-60yrs, 2+
comorbidities, positive, oxygen
requirement, O2 sat <95% at
any time, elevated inflammation
marker, non-pregnant women

Dexamethasone* + baricitinib*

Mortality at 28 days

N=660, 18+yrs, requires >3L/min
O2, oxygen requirement but no
non-invasive mechanical
ventilation or high-flow

Dexamethasone (10mg 1x/day, p=5, then
5mg 1x/day p=5, then 2.5mg 1x/day,
p=4 days)

N=382, 18+yrs, oxygen
requirement, diabetic

Remdesivir + baricitinib (4mg 1x/day p=14)

Dexamethasone only*

Survival at day 14 without
needing invasive mechanical
ventilation

Dexamethasone as stated above with
tocilizumab (8mg/kg at day 1). If no decrease
in O2 requirement occurs (400mg at day 3)
CTI: clinicaltrials.gov identifier number

ECMO = extracorporeal membrane oxygenation

Positive = confirmed COVID-19 case

Withdrawn trials were not included

N = number of study population

*doses not specified

Yrs = years

Each cell in the ‘Intervention’ column represents

P = period of time (days)

a study arm
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bacteraemia, and lung abscess – all of which resolved with standard
22

treatment.

Although several studies have been conducted on TCZ

oxygen, non-invasive ventilation, invasive mechanical ventilation, or
extracorporeal membrane oxygenation (ECMO).28

and baricitinib, they differ in methodologies, criteria, doses, and

Current literature on the clinical efficacy of dexamethasone could

standard of care therapies, making it difficult to compare study

pose an economic benefit to low-to-middle-income countries. A study

results. Furthermore, there are no clinical trials directly comparing

conducted in South Africa found that treating non-ventilated patients

baricitinib and TCZ, which may explain why the NIH does not

with remdesivir and ventilated patients with dexamethasone was

20

currently recommend one over the other. Current active prospective

projected to prevent 408 deaths compared to standard of care,

studies are using the same doses of TCZ and baricitinib in their studies

ultimately saving US$15 million.29 This was due to the clinical efficacy

and focusing on their benefits in combination with dexamethasone or

of dexamethasone and the shortened intensive care unit (ICU) time

remdesivir (Table 1). However, further research should focus on

required for those treated with remdesivir. Given the proven clinical

directly comparing the efficacy of these two monoclonal antibodies

efficacy of dexamethasone in ventilated patients, it may significantly

and their combined benefit.

help to reduce costs in countries where intensive care resources are
limited.29

Recent studies have proven that using
monoclonal antibodies in combination
with dexamethasone has promising
benefits for COVID-19 patients.

Dexamethasone has been used as an
antenatal steroid therapy due to its ability
to cross the placenta.

Challenges and developments

Conclusion

Although multiple studies conclude that dexamethasone has some

Currently, there are 64 ongoing clinical trials involving the use of

clinical benefit for the treatment of COVID-19, very few studies have

dexamethasone for COVID-19, five of which involve children.10 These

validated its use in pregnant women, children, and in COVID-19

clinical trials taking place across the world will allow us to fully assess

patients in low/middle-income countries. Dexamethasone has been

the clinical efficacy of dexamethasone, to validate its use as a standard

used as an antenatal steroid therapy due to its ability to cross the

of care, and to make progress towards achieving healthcare equity.

placenta.28 Previous studies on pregnant women without COVID-19

Recent data also indicates that the addition of TCZ or baricitinib

show that a short-course treatment of dexamethasone decreases

ameliorates

28

maternal mortality, and has minimal risk of foetal adverse effects.

the

prognosis

of

vulnerable

patients.

Though

As

recommended by the NIH, there is a lack of corroborating information

such, the NIH currently approves the administration of dexamethasone

to confirm the validity of dexamethasone’s survival benefits on

to hospitalised COVID-19 patients who are either mechanically

paediatric patients, pregnant patients, and patients in underdeveloped

ventilated or who require supplemental oxygen. However, even less

nations. We encourage other researchers to focus on these gaps in the

data is available on paediatric patients; therefore, the NIH approves

literature so as to further improve the prognosis of patients with

treatment to those under 18 years only if they require high-flow

COVID-19, especially for minority and vulnerable groups.
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Beating the clock: targeting
circadian rhythms to reduce
chemotherapy-associated
toxicity

Abstract
Chemotherapy-associated toxicity represents a significant clinical challenge for the treatment of
cancer, limiting the dose of anti-cancer agents that a patient is able to receive. Current drug
development protocols tend to imply that the pharmacokinetics and pharmacodynamics of a
drug are comparable no matter what time of day, time of year, or day of menstrual cycle the
drug is administered on. However, it is increasingly recognised that the circadian rhythm
system, responsible for co-ordinating both the physiological and cellular functions of an
organism over a 24-hour period, plays an essential role in modulating cell cycle and drug
metabolism. By taking advantage of the naturally occurring differences in circadian rhythms
between cancer cells and healthy cells, it is possible to significantly increase the tolerability and
efficacy of chemotherapeutic agents. While much remains to be done to elucidate the
molecular mechanisms of circadian rhythms, there is promising evidence to suggest that
Niamh Kerslake
RCSI medical student

exploiting these differences may allow clinicians to further personalise cancer treatment, and to
reduce the significant toxicity and side-effect profile of chemotherapeutic agents.
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 34-41.
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FIGURE 1: Overview of the circadian
timing system in mammals.
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Introduction

repair, cell cycle, apoptosis, and angiogenesis, and are often

Chemotherapy-associated toxicity represents a significant clinical

disrupted in cancer.4 It is estimated that 50% of all mammalian genes

challenge for the treatment of cancer, limiting the dose of anti-cancer

are expressed with 24-hour rhythms.5 In cancer, chronotherapy has

agents that a patient is able to receive. Chemotherapeutic treatments

been shown in multiple studies to predictably change the tolerability,

are generally given at doses near their maximum tolerated dose in

and the anti-tumour efficacy, of several chemotherapeutic agents

1

order to achieve best efficacy against tumour cells. The majority of

several-fold, both in experimental models and in cancer patients.6 By

chemotherapeutics target DNA, which both damages the cells and

personalising cancer therapies to a patient’s own circadian rhythm

prevents mitotic division. By targeting both rapidly proliferating

cycle, this could allow clinicians to tailor chemotherapy schedules to

tumour cells and healthy cells, chemotherapeutics generate toxic side

when drugs are most effective, improving efficacy and reducing

effects that ultimately limit how high a dose patients can receive. This

toxicity. The prevention of circadian disruption and the restoration of

lack of specificity leads to the narrow therapeutic index of cytotoxic

functional cell clocks could constitute new aims for therapies.

agents. The outcomes of patients receiving anti-cancer treatments
remain complicated by the unpredictable and severe toxicities that

Circadian rhythms

are associated with chemotherapy.

The circadian timing system (CTS) is responsible for co-ordinating

Homeostasis is a key tenet of biology and tends to imply that the

both the physiological and cellular functions of an organism over a

kinetics and dynamics of medications are comparable no matter what

24-hour period (Figure 1). Humans are diurnal, with the majority of

time of day, time of year, or day of the menstrual cycle they are

activity carried out during the daytime. To correspond with this,

administered. However, it is increasingly recognised that the findings

catabolic processes predominate during the day, whereas at night, the

of both human and animal studies can vary greatly depending on the

anabolic functions of growth and repair are more active. As evening

2,3

biological time over which the research is carried out.

progresses, body temperature falls, and melatonin is secreted by the

Chronotherapeutics refers to the administration of treatments

pineal gland. Sleep onset is accompanied by increased secretion of

according to circadian rhythms, in order to improve the tolerability

growth hormone and prolactin, whereas cortisol secretion by the

and efficacy of therapies provided. It has been well established that

adrenal gland rapidly rises from a nadir near 2.00am, to a maximum

circadian rhythms control important cellular processes such as DNA

peak near 8.00am.6-8 In mammals, circadian rhythms are controlled
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FIGURE 2: Molecular mechanisms of
circadian rhythms. The circadian
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primarily by the suprachiasmatic nuclei (SCN) located in the

Exploiting circadian rhythms in cancer therapy

hypothalamus. SCN neurons are calibrated to the 24-hour period

Disruptions in circadian rhythms have also been associated with

through synchronisation signals such as light and darkness, and are

increased cancer risk. The International Agency for Research on Cancer

maintained by γ-aminobutyric acid (GABA) and peptide signalling.8

classifies ‘shift work with circadian disruption’ as a group 2A

At the molecular level, there are a number of clock-specific genes,

carcinogen, placing it in the same risk category as ultraviolet radiation,

including BMAL1, CRY, CLOCK, and PER, that are rhythmically

acrylamide, and benzo(a)pyrene.15,16 Additionally, it has been observed

expressed in both SCN and peripheral tissue (Figure 2). These control

that circadian periodicity found in metabolic activity and proliferation is

circadian rhythms through the transcriptional and post-transcriptional

usually maintained in tumours that are slow growing and/or well

activation and inhibition of regulatory loops.9 The CLOCK-BMAL1

differentiated, albeit with reduced amplitude and an occasional shift in

dimer controls the transcription of transcription factors that regulate

phase. However, the circadian organisation is lost and replaced with a

the pathways that control xenobiotic metabolism and detoxification

much shorter clock (ultradian rhythm) in tumours that are rapidly

in the liver, intestines, and kidneys.10 Additionally, the CLOCK-BMAL1

proliferating or at an advanced stage.17 Finally, an association has also

dimer also gates cell cycle phase transitions, which impacts on

been established between disruption of circadian rhythm, poorer

proliferation and apoptosis by repressing c-myc and p21, activating

quality of life, and reduced survival in cancer patients.18,19

11,12

p53, and WEE1.

Furthermore, circadian clock genes can regulate

The concept of chronotherapy in toxicity reduction in cancer patients

other key processes in the cell, including apoptosis, through the

is based on the idea that the circadian rhythm of cancer cells tends to

rhythmic expression of the pro-apoptotic BAX and the anti-apoptotic

be out of sync with the rhythms present in normal cells, with studies

BCL-2, and DNA damage sensing, through interactions of the clock

showing the expression of the clock genes REV-ERB , PER2, and

proteins with ataxia telangiectasia mutated (ATM).13,14

BMAL1 differing between the livers of healthy and cancerous
mice.20,21

Humans are diurnal, with the majority of
activity carried out during the daytime. To
correspond with this, catabolic processes
predominate during the day, whereas at
night, the anabolic functions of growth
and repair are more active.

One study demonstrated that in a gene expression profile of 13
tissues from 632 human donors, over 7,000 genes were shown to
cycle with circadian expression.22 A total of 917 of these cycling genes
were shown to encode proteins that either transport or metabolise
drugs, or were themselves drug targets.22 By timing the
administration of a chemotherapy drug for when these detoxification
proteins are high in healthy cells but low in tumour cells, the
chemotherapy will preferentially cause more damage to the tumour
than to a healthy cell, and is more likely to be inside the cell at the
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FIGURE 3: Circadian rhythms
influence the pharmacokinetics and
pharmacodynamics of an anti-cancer
drug. Circadian rhythms also control
several drug targets including DNA
repair mechanisms, cell cycle
proteins, and proteins involved in cell
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point of cell division, when chemotherapy has the most toxicity.

Interestingly, studies in rodents have shown that the lethal toxicity of

The CTS can modify the absorption, distribution, metabolism, and

a drug can vary with respect to dosing time, irrespective of drug class

excretion of drugs over a 24-hour period, impacting on the

and method of administration.32 Circadian timing has been reported

pharmacokinetics of drugs, and can therefore affect the toxicity and

to modify the toxicities of over 40 anti-cancer drugs including

efficacy of anti-cancer agents (Figure 3).

6,23-25

Metabolism,

antimetabolites, mitotic inhibitors, DNA intercalators, and alkylators,

biotransformation, and detoxification processes of xenobiotics occur

as well as targeted biological agents, on a scale from two to

primarily in the liver and kidneys.26,27 Phase I metabolism reactions

ten-fold.6,33-37

involve enzymes from 27 different genetic families, of which 150
members are responsible for oxidation, reduction and hydrolysis
(Class I). In particular, the cytochrome P-450 (CYP450) enzyme
superfamily plays a critical role in drug detoxification. Phase II
enzymes such as UDP-glucuronosyltransferases (UGTs), and
glutathione S-transferases (GSTs), are responsible for conjugation.
Finally, Phase III proteins consist of adenosine triphosphate
(ATP)-binding cassette (ABC) transporters and the solute carrier (SLC)

The International Agency for Research on
Cancer classifies ‘shift work with circadian
disruption’ as a group 2A carcinogen,
placing it in the same risk category as
ultraviolet radiation, acrylamide, and
benzo(a)pyrene.

super family, which are responsible for cellular efflux and influx of

Chronotherapeutic strategies have now begun to enter clinical trials,

drugs, respectively.6,24,28,29

and are showing promising results.38,39 One study showed that

Expression of Phase I, II and III classes of proteins is regulated by

administration of the chemotherapy gemcitabine at 9.00am reduced

members of the PAR bZip transcription factor family, which are

the development of haematologic toxicity on white blood cells and

controlled by the CTS. A study by Gachon et al. demonstrated that PA

platelets by 10%, compared to patients who were treated at

RbZip triple knockout mice were vulnerable to the harmful effects of

3.00pm.40 This follows studies in mice indicating that gemcitabine

anti-cancer drugs due to their reduced capacity to metabolise the

was better tolerated when given during the early-active phase

10

xenobiotics.

(comparable to morning time).41 Similarly, another study evaluating

Typical toxicities associated with chemotherapy include reduced

the toxicity of irinotecan found that when irinotecan was

immune function, myelosuppression, gastrointestinal reaction, and

administered as a chronomodulated infusion to males in the morning

30

liver and kidney dysfunction.

Although it is unlikely that

and females in the afternoon, patients suffered fewer adverse events

chronotherapy can prevent all chemotherapy-associated toxicities,

such as diarrhoea and neutropenia when it was delivered.42 In a phase

partial alleviation of toxicities can help to achieve better patient

III clinical trial investigating the chronomodulated infusion of

compliance and improve overall treatment response.31

oxaliplatin, 5-FU and folinic acid (chronoFLO) against a constant rate
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Table 1: Results of clinical trials investigating chronotherapy as a means to reduce chemotherapy-associated toxicity.
Anti-cancer drug

Cancer type

Phase

Chronomodulated
schedule/dosing

Findings

Cisplatin, gemcitabine
plus docetaxel

Non-small-cell
lung cancer

Randomised controlled
study + pharmacokinetic

30-minute infusion
at 6.00am vs 6.00pm
in 6.00pm infusion group56

Nausea, neutropenia
and leucopenia lower

5-FU, LV plus oxaliplatin
(chronoFLO)

Metastatic colorectal
cancer

Review of phase III trials

Meta-analysis

Overall survival higher
in males on chronoFLO44

Capecitabine plus
radiotherapy

Rectal cancer

Phase II

50% of capecitabine
dose at 8.00am and
remaining 50% at 12.00pm
syndrome57

No grade II/III toxicity of
thrombocytopenia, mucositis,
diarrhoea, and hand-foot

Everolimus plus
exemastane and
tamoxifen

Metastatic breast
cancer

Pilot

Oral administration –
morning time vs evening time

Reduced toxicity
if administered in morning.
Minimised fatigue and metabolic
alteration. No pneumonitis58

method of infusion in metastatic colorectal cancer patients,
ChronoFLO decreased the rate of severe mucosal toxicity five-fold
compared to constant infusion, and halved functional impairment
from peripheral neuropathy, as well as increasing time to treatment
failure.43 A meta-analysis of 847 patients over three trials indicated
that while efficacy results of chronotherapy have been mixed, toxicity
was consistently reduced.44 Interestingly, a significant survival

In an overburdened healthcare system,
scheduling chemotherapy for late night or
early morning schedules may not be
logistically feasible for many hospitals
and patients.

advantage was observed in men but not in women (Table 1).44 This

Drug delivery mechanisms

may be due to the fact that women are more susceptible to

Chronotherapeutics has the potential to deliver drugs at higher

drug-related toxicity due to differences in body composition, activity

concentrations, thereby minimising side effects and optimising

of cytochrome enzymes and transport proteins, and the effect of sex

treatment outcomes. However, the practicality of chronotherapeutics

hormones, as well as gut motility and transit time.45-50 Additionally,

must also be addressed. Some 85% of cancer treatments are

men reportedly have a higher elimination capacity of several

administered from 9.00am to 5.00pm.61 In an overburdened

chemotherapeutic agents, suggesting a possible mechanism for

healthcare system, scheduling chemotherapy for late night or early

51-54

morning schedules may not be logistically feasible for many hospitals

This can disturb the circadian rhythm and therefore negates potential

and patients. Additionally, there may be issues with patient adherence

benefits received from chronotherapy.55

and self-administration.

In order to successfully target the CTS, suitable biomarkers of circadian

The advent and subsequent approval of non-implantable,

disruption must be identified. While more work needs to be done in

multi-channel,

order to validate and determine a molecular signature of circadian

chronotherapeutics feasible in the clinic. These pumps allow for

rhythm, a number of potential biomarkers have emerged, including

multiple circadian infusion schedules to be jointly administered, with

changes in circulating cortisol and melatonin levels. In addition, body

minimal medical intervention required.1 These pumps allow the

temperature and rest–activity rhythms as assessed by wrist actimetry

direct administration of anti-cancer drugs into the hepatic artery,

have also been used as CTS biomarkers in order to assess the clinical

which has been shown to be beneficial in terms of both tolerability

greater chemotherapy-associated toxicity observed in women.

59,60

relevance of the circadian clock network in cancer patients.

programmable

pumps

have

made

These

and antitumour activity on liver metastases from colorectal

biomarkers are useful as these circadian rhythms are controlled by the

cancer.43,62 The liver displays strong circadian rhythms, whereas

central pacemaker in the SCN, allowing clinicians to exploit the

metastases in the liver do not display this circadian organisation.

disrupted circadian rhythm of cancer cells and reduce the

Chronotherapy allows clinicians to specifically target liver metastases

chemotherapy-associated toxicity experienced by patients.23,60

without damaging healthy liver cells.63,64
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Additional drug delivery systems have also been suggested, including

be worthwhile to investigate chronotherapy in future clinical trials for

the use of hydrogels – suitable for their biocompatibility and design

new drugs coming to market, to see if the timing of a drug’s

to respond to stimuli such as pH.2 Drug delivery is moving towards

administration has an impact on toxicity and, if so, would this lead to

the use of rhythm-sensing drug-releasing nanoparticles, which could

a decrease in the number of drugs that are terminated early as a

decrease side effects and risks for cancer patients through improved

result of toxicity. Finally, new drug delivery systems must be

targeting and release.

65,66

developed further in order to fully utilise chronotherapeutics.

Chronotherapeutics has the potential to
deliver drugs at higher concentrations,
thereby minimising side effects and
optimising treatment outcomes.

Disrupted circadian rhythms have been
linked with increased risk of cancer;
however, no epidemiological studies to
date have conclusively confirmed this.

Limitations and future directions

Conclusion

While chronotherapy has the potential to benefit huge numbers of

Chemotherapy-associated toxicity remains a significant clinical

patients, there are a number of limitations to the research that has

challenge. The CTS is known to be involved with several key cellular

been conducted thus far. Disrupted circadian rhythms have been

processes, including modulation of the cell cycle and drug

linked with increased risk of cancer; however, no epidemiological

metabolism. By taking advantage of the naturally occurring

studies to date have conclusively confirmed this.15 In addition, much

differences in circadian rhythms between cancer cells and normal

of the basic biology of circadian rhythms remains to be elucidated

cells, it is possible to increase the tolerability and efficacy of

before therapeutic strategies can be devised. Furthermore, much of

chemotherapeutic agents several-fold. While more work needs to be

our knowledge of circadian rhythms comes from rodent models.

done to understand the basic mechanisms involved, chronotherapy

Future work should involve attempts to validate findings from animal

has the potential to significantly reduce toxicity and further

models in humans, with the aim of determining clinical utility. It may

personalise cancer treatment.
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Inheriting stress: an
examination of
intergenerational epigenetic
changes associated with
trauma

Abstract
Epigenetics is a rapidly advancing field of research offering insights into how cells are able to
adapt to environmental changes. There remain large gaps in the research regarding the
long-term effects and heritable nature of epigenetic changes. This review discusses how stress
may stimulate epigenetic changes, why these changes may be adaptive or maladaptive, and
the current evidence of heritability. Through the study of Holocaust survivors and their
offspring, and the specific analyses of the genes FKBP5, 11β-HSD-2, and GR-1F, the article
explores how epigenetic changes contribute to physiologic and pathological manifestations of
stress. This information may contribute to improved outcomes for diseases and may reveal
mechanisms to reverse the harmful effects of trauma.
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 42-46.
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Introduction

changes (Figure 1). When species are placed in

Within the nucleus of our cells lies a masterpiece of

traumatic environments, epigenetic changes allow

evolution. Approximately 20,000 genes composed

them to adapt quickly. These traits sometimes

of 3.2 billion base pairs pack together to form

persist after withdrawal from the traumatic

strands of chromatin, the genetic material that

environment, and may be passed on to future

1

generations. For example, a 2015 study by Walsh

Our cells have the incredible ability to unwind,

et al. showed that planktonic crustaceans

access, and modify specific sections of DNA. These

demonstrated

reversible modifications are known as epigenetic

reproduction in the presence of predators, and

winds tightly around proteins known as histones.

more

rapid

maturation

and
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FIGURE 1: Representation of chromatin structure and potential sites of epigenetic modifications.7

that these changes persisted for another two generations after

expression. The methylation of cytosine may affect gene expression

However, the problem inherent in

via one of two proposed mechanisms.12 First, transcription factors

stress-induced behaviours is that adaptive behaviours may not be

cannot recognise their corresponding methylated sequences, which

useful, and may even be detrimental in non-traumatic environments.

inhibits transcription. Second, methylated cytosine is recognised by

In studying the positive and negative effects of intergenerational

repressor proteins, which work to condense the gene, making it

epigenetic changes associated with trauma, the families of Holocaust

inaccessible for transcription.12 Methylation of a promoter sequence

survivors have given the medical research community a unique

therefore downregulates gene expression, while methylation of a

vantage point. FKBP5, 11β-HSD-2, and GR-1F are three particular
genes associated with functions related to stress and nutrition that

repressor sequence upregulates gene expression.

have been studied in Holocaust survivors and their offspring.3-6 This

Methylation and inheritance

paper will examine epigenetic changes associated with stress and

Epigenetic changes are not meant to be permanent.13 Methylation is

trauma, and their inheritance patterns, to better understand how the

usually a de novo event, and groups of proteins known as ten-eleven

adaptations of the past may affect future generations.

translocation methyl-cytosine dioxygenases (TETs) remove methyl

removal of the predators.

2

groups attached to DNA during fertilisation, thereby reversing

The basis of epigenetic changes

epigenetic changes.14 This process is called demethylation and should

Epigenetic changes are defined as DNA modifications that affect gene

theoretically prevent most epigenetic changes from being inherited

8

expression but not DNA sequence. Modifications involving histone

and affecting the next generation. However, demethylation steps do

proteins, carbohydrates, or non-coding RNA molecules allow genes to

not always succeed, as is the case in certain imprinting diseases such

become more or less accessible. Epigenetic changes may be part of

as Angelman syndrome and Prader-Willi syndrome, whereby silenced

normal physiological processes such as early learning and cognition,

genes persist past fertilisation.15 Interestingly, methylation-induced

where histone and RNA methylation encourages oligodendrocyte

changes in utero have been observed in animal models, where

9,10

maturation.

They may also be part of pathological processes such

scientists were able to control coat colours in mice offspring simply by

as UV exposure, where histone acetylation can contribute to

feeding the mothers a methyl-donor-rich diet.16 Ultimately,

uncontrolled melanocyte expression.11 Epigenetic changes can be

demethylation is essential in preventing the inheritance of changes

brought about by numerous external factors, usually related to food,

that may be maladaptive for future generations. Why and how do

9

stress, or sleep. As such, highly stressful, traumatic events may bring

some genes escape demethylation? Mechanisms of this nature are still

about even greater epigenetic adaptations.

being investigated.

Methylation of cytosines by DNA methyltransferase (DNMT) is the
most common epigenetic adaptation to stress.4 DNA methylation

Stress and epigenetic changes

ultimately allows for rapid, reversible modifications of gene

Severe trauma places immense stress on the human body. The body
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responds to stress in an ‘on/off’ method driven by the
hypothalamic-pituitary-adrenal (HPA) axis.

16

response to trauma in childhood.

When the brain

11β-HSD-2 is an important protein that inactivates circulating cortisol

recognises something as dangerous, it signals the activation of the

and regulates sodium transport, particularly in the kidneys and in the

sympathetic nervous system. First, the hypothalamus releases

placenta.4 Methylation of the 11β-HSD-2 gene reduces circulating

corticotropin-releasing hormone (CRH), which signals the pituitary

11β-HSD-2 protein levels, which leads to sodium retention.26-28

gland to release adrenocorticotropic hormone (ACTH), which in turn

Studies have shown that Holocaust survivors display high rates of

travels to the adrenal glands and triggers release of cortisol – a

11β-HSD-2

glucocorticoid known as the ‘stress hormone’.17 Glucocorticoids help

consequently allows for high levels of circulating cortisol.21 It has been

to regulate ion transport, immune response, metabolic functions, and

suggested that this physiological state was an adaptive response to

memory processing during periods of stress.18 Normally, this response

accommodate a low-salt diet.21 The above epigenetic changes were

is eventually turned off by the parasympathetic response, allowing

seen in survivors who experienced the Holocaust at an early age,

hormone levels to return to baseline.

17

methylation

and

low

11β-HSD-2

levels,

which

which suggests a persistent epigenetic change that did not correct

The impact of chronic stress extends far beyond psychological

after removal from a traumatic environment. Interestingly, while

implications. Indeed, animal models demonstrate that persistent

survivors themselves had higher rates of 11β-HSD-2 methylation,

exposure to stress alters gene expression.16,19,20 Prolonged HPA

their offspring had lower rates of methylation, resulting in higher rates

activation and high cortisol levels contribute to both cardiometabolic

of protein expression compared to controls.21 The increased

diseases and chronic inflammation.21 Unfortunately, highly traumatic

expression may have been the result of reduced inheritance of the

early life experiences may interfere with the body’s ability to resume

gene, which triggered compensatory epigenetic changes. It is also

17

normal cortisol production in the absence of stress. This may trigger

possible that decreased expression of the protein in the placenta may

the methylation of genes that enable survivors to adapt to a

have exposed the foetuses to higher levels of cortisol, resulting in

heightened stress response, without disrupting other vital cellular

compensatory expression of the gene.4 In order to characterise this

functions.22 If these epigenetic changes occur during early

particular inheritance pattern, it would be critical to observe whether

development, or if the stressor is not removed for prolonged periods

these changes to gene expression persisted in a third generation.

of time, they may become permanent. For example, when scientists

The GR receptor gene exon 1F (GR-1F) is thought to be involved in

examined the hippocampi of suicide victims who had suffered from
depression, they discovered that hypermethylation and subsequent

GR sensitivity and expression. Methylation of the GR-1F gene
promoter decreases receptor sensitivity to cortisol, causing the body

silencing of the glucocorticoid receptor (GR) was associated with early

to compensate with increased secretion of cortisol.5 A study

childhood stress and abuse.

23

Hypomethylation of repressor

conducted on Holocaust survivors with PTSD demonstrated that

sequences for GR have similarly been associated with major

these individuals had higher levels of GR-1F promoter methylation.5,29

depressive disorder (MDD), anxiety, and post-traumatic stress

Follow-up confirmed that the offspring of Holocaust survivors with

24

disorder (PTSD). Conversely, studies in mice have demonstrated that

PTSD had similar methylation patterns and higher levels of circulating

offspring who receive adequate care through grooming and attention

cortisol.5 Another study on mothers who experienced the Tutsi

have lower levels of methylation in the hippocampus and,

genocide in Rwanda during the 1990s demonstrated higher rates of

25

consequently, a more robust stress response.

This may suggest that

GR-1F promoter methylation discernible in both the affected mothers

a positive environment can help to address the effects of trauma on a

and their offspring born after the genocide.30 These patterns are

molecular level.

highly suggestive of epigenetic inheritance; however, any number of
confounding variables may have contributed to GR-1F promoter

Evidence in the genes

hypermethylation in offspring. These include the parenting styles of

It is perhaps unsurprising that the genes that seem to be most

traumatised individuals, which may have elicited similar epigenetic

affected by persistent trauma are involved in the stress response

changes in their children.31 Chronological measurements of

themselves. Stress does not have an isolated effect on the body, as

methylation levels from infancy through adulthood would be an

many of the genes involved in the stress response are involved in

appropriate next step in characterising the exact mechanism behind

other processes such as blood pressure and immune function.15 The

these methylation patterns.

following genes involved in the stress response all demonstrate

The last protein of particular interest is the FK506-binding protein 51,

evidence of epigenetic alterations, and have been implicated in the

coded for by the FKBP5 gene, which helps to control GR sensitivity
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and is highly expressed in portions of the brain that regulate
24,32

stress.

Dysregulation of FKBP5 is associated with stress disorders

such as MDD and PTSD.

32,33

adults may affect hormone levels in utero, which may prime the
foetus to produce epigenetic changes of its own.14 Further studies of

Methylation of the FK506-binding

third-generation offspring, whole genome sequencing, and more

protein is correlated with decreased receptor sensitivity to

in-depth molecular studies of genetic methylation patterns within

glucocorticoids and increased cortisol levels. The protein itself is still

populations such as Holocaust survivors are necessary to quantify the

being investigated, but it has been suggested that methylation of

potential inheritance patterns discussed herein. Another population

different alleles can cause variable gene expression.

24

Studies have

that may benefit from similar studies on epigenetic inheritance

been able to demonstrate significant hypermethylation of intron 7 in

patterns are the Indigenous Nations of North America, who have

Holocaust survivors, and hypomethylation of the same intron in their

been subjected to centuries of abuse and neglect through the

offspring.3,34 Bierer et al. suggest that the changes to GR sensitivity

residential school systems and racist government policies.

seen in hypermethylation states heightens anxiety, which may

Alterations in gene expression from early childhood trauma and

promote caution and vigilance in adverse environments, while

stress

hypomethylation provides a prophylactic response to stress in

Transgenerational epigenetic changes may translate into broad

offspring by lowering anxiety.34 Although associations between stress

presentations such as behavioural disturbances, psychiatric disorders,

and epigenetic changes have been established, evidence that directly

metabolic syndromes, and increased cardiac risk.36-38 The addition

connects stress to specific molecular changes is limited.

35

may

have

lasting

impacts

on

future

generations.

and removal of methyl groups on certain genes appear to be directly
correlated with early life stress and persistent hormonal and

Conclusion

functional dysregulation in both survivors of trauma and their

It is incredibly challenging to study the inheritance patterns of

offspring.24 Though these associations are well established, the

epigenetic changes. The methods available to study non-coding

mechanisms behind epigenetic changes and their inheritance

35

changes to genes are limited.

It is also difficult to separate

patterns remain theoretical. Better understanding of these effects

epigenetic changes that are inherited from those that occur in

may improve treatment outcomes for certain diseases and provide

response to early childhood stress.6 Lastly, epigenetic changes in

potential mechanisms to reverse the harmful effects of trauma.25,33
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A new hope: Trikafta for the
treatment of cystic fibrosis

Abstract
As one of the most common autosomal recessive conditions in Ireland, cystic fibrosis (CF) is of
keen interest to healthcare professionals. Throughout its long history, the treatment strategies
for this condition have focused on mitigating the effects described by patients: the thick
secretions; the constant infections; and, the inability to absorb nutrients. With the advent of
modulator therapies, the focus has now shifted to correcting the underlying genetic defect.
Trikafta is the most recent of these therapies and has been shown to have the greatest effects
on both objective and subjective measures of disease control compared to other therapies. This
review article will focus on the background behind Trikafta, its method of action, and its effects
Christine Okeefe
RCSI medical student

on both disease progression and patient well-being. This drug has the potential to change the
way we treat and perceive this ancient disease.
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 47-51.
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“Woe to that child who tastes salty when
kissed on the forehead. He is bewitched
and soon must die.”
15th Century Irish proverb

respiratory secretions produced in response to a foreign pathogen),
which is essential for proper functioning of the system. Currently,
there are over 2,000 known mutations in the CFTR gene that lead to
CF, the most common being the Phe508del mutation. The different
types of CFTR mutations can be grouped into classes (Table 1).5

Introduction

Regardless of the specific mutation, the end result is that the channel

Cystic fibrosis (CF) is one of the most common autosomal recessive

is non functional, and the subsequent lack of water leads to thick,

diseases in the Caucasian population, and has a long, tortuous history.

viscous secretions that block the various passageways throughout the

Estimates suggest that it has existed in Europe for almost 52,000

body. The most commonly affected organs are the lungs and the

years, particularly in the northern populations.1 In the 15th and 16th

organs of the digestive tract. Patients with CF tend to have frequent

Centuries, children who were afflicted with salty skin, and who died

respiratory infections, difficulty absorbing nutrients, and defective

mysteriously with evidence of white shrunken pancreases on autopsy,

pancreatic enzyme activity.5

were thought to be victims of a terrible witch’s curse. In the 19th

Trikafta is the latest modulator
therapy for CF, and is vastly
superior to its predecessors
in improving both objective
and subjective measures
of disease.

Century, patients with those features were thought to have a form of
coeliac disease, as infant autopsies revealed large amounts of stool
trapped in the small bowel: the earliest descriptions of meconium
ileus.2 It wasn’t until the 20th Century that the disease became its
own entity.
Dorothy Anderson was the first to describe CF of the pancreas, and
Sidney Farber subsequently expanded the definition of the disorder to
include the pulmonary symptoms that he was observing in his
patients.3 Innovations then came with the discovery that lesions

CF treatment focuses on three key aims.5 The first is to increase

present in multiple organ systems were causing thick viscous

function of the various organ systems by clearing viscous secretions

secretions. Finally, in the late 1980s and 1990s, it was understood that

and supplementing missing enzymes. For example, in the lungs,

the lesions were due to the impaired transport of chloride and

physiotherapy devices, bronchodilators, and mucolytics help to

bicarbonate across epithelial cell membranes, and the associated

relieve obstructions caused by thick secretions. Similarly, in the

1

gene was identified. CF is now so prevalent that it is included as part

digestive tract, supplementary pancreatic enzymes help to improve

of standard newborn screening in Ireland.4 Now, thanks to Trikafta, a

the absorption of nutrients. The second aim of CF treatment is to

revolutionary new drug that is poised to be a game changer in the

reduce the risk of exacerbations with prophylactic antibiotic regimes,

treatment of CF, our perception is set to change again. Trikafta is the

and inhaled steroids to prevent and treat lung infections.6

latest modulator therapy for CF, and is vastly superior to its
predecessors in improving both objective and subjective measures of
disease. This review will focus on Trikafta and its potential to impact

Table 1: The different classes of CF mutations.7
Class

Deficit

Representative
mutation

I

Absent mRNA – no
CFTR protein produced

G542X, W1282X

II

Misfolded protein that is tagged
and destroyed by ubiquitin
proteasome system and
never makes it to cell surface

Phe508del, N1303K

III

Gating mutation – CFTR channel
does not stay open long enough

G551D, G551S

IV

Conduction mutation – CFTR
channel does not let chloride and
bicarbonate ions through

R117H, R334W

V

Decreased number of functional
CFTR channels on cell membrane

A455E

VI

Unstable CFTR channel that is
easily degraded

c.120del123

on the lives of CF patients and the scope of their care.

The current understanding of CF and available
treatments
CF is a disorder of epithelial cell channels that regulate chloride and
bicarbonate levels in various organ systems.5 In short, these channels
are formed by the cystic fibrosis transmembrane regulator (CFTR)
protein, and are found on cells lining the major passageways of the
body: the airways; the digestive tract; and, the reproductive tract. The
CFTR channel works by pumping chloride ions into the lumen of the
tube, which then attracts water. This allows for a serous covering of
the tube, and thins any secretions produced by the cells (e.g.,
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Additionally, nutritional plans help to ensure that the patient receives

are heterozygous for the mutation with an additional mutation that

adequate caloric intake to maintain a healthy body weight. The final

does not respond to current therapies. This latter manifestation is

aim is to improve patient quality of life, and requires a

referred to as minimal function.11

multidisciplinary approach involving physicians, dieticians, and
respiratory therapists. When medical management is not sufficient to
meet these aims, the last resort is a lung transplant.5 It is important to

Trikafta belongs to a group of treatments
known as modulator therapies.

note that while all of these therapies work to achieve more than one
therapeutic aim (e.g., clearing respiratory secretions decreases the risk

Two separate clinical trials were conducted across multiple sites in

of exacerbations, thereby improving quality of life), none of them

North America and Europe to test Trikafta. In trial one, which analysed

correct the damaged CFTR protein, and can therefore only provide

patients who were homozygous for the mutation, participants

symptomatic relief with limited effectiveness.

demonstrated an increase in predicted FEV1 of 10 percentage points
(p<0.05) compared to controls.12 Additionally, these patients

CF is a disorder of epithelial cell channels
that regulate chloride and bicarbonate
levels in various organ systems. These
channels are formed by the cystic fibrosis
transmembrane regulator (CFTR) protein,
and are found on cells lining the major
passageways of the body: the airways; the
digestive tract; and, the reproductive tract.

demonstrated a significant improvement in quality of life outcomes as
indicated by a 17-point increase in the CF Questionnaire-Revised
(CFQ-R) (p<0.05) and a significant decrease in sweat chloride levels
(-45.1mmol/L, p<0.05).12 The second trial, which analysed patients
who were heterozygous for the mutation, found similar outcomes.11
Compared to controls, patients demonstrated a difference of 13.8
percentage points in predicted FEV1 (13.6 vs -0.2, p<0.05), a change
of 20.8 points in the CFQ-R (17.5 vs -2.7, p<0.05), and an
improvement of 41.2mmol/L in sweat chloride level (-41.2mmol/L vs
0.1mmol/L, p<0.05).11 This demonstrates that Trikafta reduces the

Trikafta – the new kid on the block

viscosity of secretions, making it easier for patients with CF to breathe.

Trikafta belongs to a group of treatments known as modulator

These results prompted the US Food and Drug Administration (FDA) to

therapies. Modulator therapies are a group of drugs that aim to

approve the use of Trikafta in patients with at least one Phe508del

correct and restore the dysfunctional CFTR protein on the epithelial

mutation in 2019.13 The European Medicines Agency (EMA) likewise

cell surface. The two main types of modulator therapies are correctors

granted approval for marketing authorisation in 2020.14 This means

and potentiators. The main outcome used to determine their efficacy

that over 90% of patients with CF are now able to access this drug and

is the forced expiratory volume in one second (FEV1), a measure of

potentially reap the benefits.13,14

how much air can be exhaled in one second, and an indicator of lung
function in patients with respiratory diseases. Trikafta is a combination

The impact of Trikafta on patients with CF

of three drugs: ivacaftor; tezacaftor; and, elexacaftor. Ivacaftor was

Currently, the life expectancy of patients with CF has risen to around

the first CFTR modulator approved for CF patients with the G551D

56 years for men and 46 years for women, largely due to advances in

mutation following a successful clinical trial. It works by keeping the

modulator therapy.15 This number is expected to increase even more

CFTR protein open for longer periods of time, thereby acting as a

with Trikafta. Perhaps even more impressive is the perceived impact

8

potentiator. Tezacaftor is a corrector that works by increasing the

that Trikafta may have on patients’ quality of life. Although it is still

amount of functional CFTR protein that is produced and trafficked to

too early to conduct large-scale qualitative studies, smaller-scale

the cell membrane. When combined with ivacaftor, tezacaftor

surveys and interviews demonstrate a shift in how patients with CF

reduces pulmonary exacerbations by 35% (p<0.05), and improves

now think about their disease due to this treatment. The 2020 CF in

the FEV1 by 4.6 percentage points (p<0.05) in patients who are

America Study, run by CysticFibrosis.com, a not-for-profit that aims to

homozygous for the Phe508del mutation.

9

Elexacaftor is a

provide support for CF patients and their caregivers, indicated a more

next-generation corrector that partially corrects the misfolded CFTR

positive mindset among CF patients compared to their 2019 survey.16

10

protein in patients with class II CFTR mutations. The combination of

Specifically, they found that 43% of respondents were concerned

these three drugs was postulated to improve outcomes in patients

about their future due to CF compared to 56% in the previous year.16

who are homozygous for mutations of Phe508del and in those who

When asked to provide specific comments about how the perceived
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changes in life expectancy affected them, participants mentioned

become a core component of care for the CF population.25

feeling hopeful about being able to work full time, and having

Likewise, recommendations regarding preventive care may change.

newfound interest in family planning, and in finding a spouse.16 All of

The risk of colorectal cancer has been shown to be increased in the

this is extremely encouraging, as anxiety and depression have been

CF population who receive lung transplants compared to other

shown to be prominent in those with CF. Additionally, anxiety and

disease groups (incidence rate ratio [IRR]=12.3, 95% CI: 6.94-21.9),

depression have been shown to be associated with a lower BMI and

potentially as a result of immunosuppressant use.26 It is therefore

decreased lung function, both of which negatively contribute to a

recommended that transplant patients start to receive colonoscopies

patient’s quality of life.17 One published reflection from a patient in

at the age of 30. However, if Trikafta is able to improve lung function

2020 stated that since commencing on Trikafta:

to such an extent that transplant rates decrease, then screening
protocols will need to be re-evaluated.27 Finally, in an interesting twist,

“Day to day, for example, mucus reduction has been slight, but over

the risk of developing obesity and metabolic disorders is now starting

the course of a few months, I’ve found relief for a few more hours

to increase in the older CF population due to both improvements in

between breathing treatments. I have gained a few extra pounds,

life expectancy and pancreatic enzyme supplementation that enables

something I’ve struggled with my whole life despite always having a

them to gain weight.28 Therefore, it is possible that if Trikafta is able

calorie-rich diet. During exercise, I still require the use of about the

to improve life expectancy, CF patients may need the same obesity

same amount of supplemental oxygen, but I can push my body

screening that exists in the non-CF population. The care of a patient

further and have started lifting weights”.

18

with CF has always been complex, yet it is possible that a wider range
of healthcare specialists will start to see more CF patients in their

Additionally, studies are now assessing whether Trikafta can be used

practice, due to the life-expanding effects of Trikafta.22

in the 10% of patients who do not have a Phe508del mutation.
In-vitro studies have demonstrated that Trikafta can correct rare class
II mutations and others that cross multiple classes, which is an
exciting discovery as no approved modulator therapy has been
shown to have this effect.19-21

Currently, the life expectancy of patients
with CF has risen to around 56 years for
men and 46 years for women, largely due
to advances in modulator therapy. This
number is expected to increase even
more with Trikafta.

CF in developed countries is no longer
considered a childhood illness, but rather
a lifelong condition, thanks to the
respiratory benefits of existing
therapeutics, and the evolving
therapeutic promise of Trikafta. As a
result, medical issues aside from lung
function are starting to comprise a larger
portion of patient care.
Conclusion
Our understanding and perception of CF has evolved significantly

The impact of Trikafta on CF care

since the disease was first identified. With the remarkable results

CF in developed countries is no longer considered a childhood illness,

demonstrated by Trikafta and the new hope that it brings for patients,

but rather a lifelong condition, thanks to the respiratory benefits of

our perceptions of CF are likely to change again. Increased lung

existing therapeutics, and the evolving therapeutic promise of

function and improvements in quality of life suggest that the life

Trikafta.22 As a result, medical issues aside from lung function are

expectancy of someone born with CF today may be even longer than

22

starting to comprise a larger portion of patient care.

For example,

previously thought. Consequently, in addition to managing the

around 98% of men with CF are infertile due to congenital bilateral

respiratory and gastrointestinal sequalae of CF, future healthcare

23,24

agenesis of the vas deferens.

In fact, approximately 10% of CF

professionals will need to be prepared to manage issues not

cases are diagnosed in men in adulthood as a result of their inability

previously given the same level of concern, such as fertility issues and

to conceive.23,24 With improved quality of life and more patients

metabolic syndromes. Ultimately, Trikafta has the potential to be a

becoming interested in starting families, conversations around fertility

transformative therapy that significantly affects the landscape of CF

and the use of assisted reproductive technologies may potentially

care.
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Gender discrepancies in the
diagnosis of autism

Abstract
Autism encompasses a spectrum of developmental disorders with specific social and
communication deficits. It was previously thought that autism spectrum disorder was
significantly more common in males than females, with recent data disputing this. Autism can
often be difficult to diagnose due to unknown causative factors, potential genetic involvement,
and numerous comorbid conditions. This is exacerbated in females, as their clinical
presentation often differs from that of their male counterparts. Females typically have more
subtle communication and social deficits, and are typically better at masking symptoms than
males. As a result, females may go undiagnosed for long periods of time. To prevent females
from receiving delayed diagnoses, which can ultimately result in higher rates of mental health
Gabrielle Sanatani
RCSI medical student

disorders and difficulties with daily functioning, further research needs to be conducted on
autistic females in order to redefine the diagnostic criteria for autism.
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 52-56.
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Introduction

ASD, including prenatal insults, epilepsy, and specific chromosomal

Until recently, autism had long been considered a male-predominant

abnormalities, its exact aetiology remains unclear.1 Prenatal risk

condition, which has resulted in females being underdiagnosed,

factors for the development of ASD include gestational diabetes,

consequently delaying their treatment. Autism describes a spectrum of

maternal bleeding in pregnancy, antenatal medication use, and

developmental disorders characterised by specific deficits in social

exposure to intrauterine infections.10 Maternal use of the

interaction and communication, in addition to restricted and repetitive

anti-epileptic drug valproate antenatally has well-documented

1,2

behaviours.

Autism spectrum disorder (ASD) was previously thought

teratogenic effects, in addition to increasing the risk for the

to disproportionately affect males at a ratio of 4:1 relative to females.

development of ASD.11

This figure has been disputed in recent research, which has found the

ASD research has mainly focused on genetics, as the extent of genetic

ratio to be closer to 2:1.3 Importantly, the adjusted ratio may not

involvement is not entirely understood. Twin and sibling studies have

necessarily reflect a rise in ASD among females – it is more likely the

demonstrated a genetic component, with estimates that suggest up

result of more inclusive studies in the field, and improvements in

to 50% genetic heritability.9 This indicates that up to 50% of the

3-5

diagnostic measures.

It is now widely acknowledged that autistic

variability seen in the phenotype of ASD in the population is due to

females have historically been underdiagnosed, which has contributed

genetic differences between individuals.9 Twin studies also suggest

to the deficit of research on the autistic female population.4 This paper

that cases of ASD that run in families are due to genetics, rather than

will examine the aetiology and prevalence of ASD in males and females,

environmental factors.10 Extensive genetic analytic studies have now

and how prevalence affects the autistic female population.

concluded that there exist both allelic and locus heterogeneity,
meaning that variations both at a single gene locus and at different

The diagnosis of ASD is based on criteria
defined by The American Psychiatric
Association’s Diagnostic and Statistical
Manual, Fifth Edition (DSM-5) and the
International Classification of Diseases
and Related Health Problems (ICD-10).

gene loci can precipitate the ASD phenotype.10 Despite the
involvement of genetics in the pathogenesis of ASD, it is still unclear
as to what role genetic variations play in determining the phenotype
of ASD. Moreover, the role of sex in the development of autism, and
why prevalence appears to be higher in males than in females, also
remains unclear. Theories involving sex chromosomes and hormones
in utero have been explored but data on this subject is lacking.10

Diagnosis
ASD is a complex developmental disability characterised by difficulties
with social interaction, communication, and behaviour.4,6 Examples of
social deficits include minimal social interaction with peers, absence of
social judgement, and impairment of non-verbal behaviours. Children
with ASD often acquire verbal language skills later than their
counterparts, and have difficulties with expressive communication.6
Lastly, behaviours that are typical in children with ASD include limited

Extensive genetic analytic studies have
now concluded that there exist both
allelic and locus heterogeneity, meaning
that variations both at a single gene locus
and at different gene loci can precipitate
the ASD phenotype.

interests, repetitive movements, and the need for routine and

The lack of clarity on the pathogenesis of ASD may be attributed to

structure.6 The diagnosis of ASD is based on criteria defined by The

the numerous comorbidities in people with ASD, the range of clinical

American Psychiatric Association’s Diagnostic and Statistical Manual,

presentations, and an absence of consistent imaging and laboratory

Fifth Edition (DSM-5) and the International Classification of Diseases

diagnostics.10 Commonly encountered comorbid conditions in ASD

2,7,8

and Related Health Problems (ICD-10).

It is a challenging diagnosis,

include obsessive compulsive disorder, anxiety, epilepsy, and

based largely on behavioural characteristics and a clinical phenotype

gastroesophageal reflux disease, encompassing a variety of different

that varies widely.1 Nonetheless, diagnosis can typically be made by

organ systems.6 Females in particular are likely to have comorbid

two years of age, and parents can often recognise signs of ASD by as

mental health conditions, most commonly anxiety, depression, and

9

early as six months.

eating disorders.12 Autism is also a feature of numerous genetic
syndromes, such as Down syndrome, Turner syndrome, and less

Pathogenesis

common specific chromosomal abnormalities.13 Investigations into

While multiple factors have been implicated in the pathogenesis of

any underlying conditions and causes should be carried out to inform
Volume 15: Number 1. 2022 | Page 53
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families about related diagnoses and familial risks of recurrence.6 The

One phenotypic difference between autistic males and females is

wide range of clinical presentations also interferes with the

related to the IQ. The ratio of males to females with ASD becomes

identification of a clear ASD aetiology, making it unclear why certain

much closer to one in those with significant intellectual disability. This

individuals express certain phenotypes more than others, and which

indicates that females who are diagnosed are more likely to have a

specific underlying pathologies these phenotypes are associated

lower IQ and more severe intellectual disability.3 Studies on autism

10

with. This results in difficulty in reaching a diagnosis, and an inability

often use IQ as a cut-off score to select participants, or study males

to detect who will develop the condition prior to the emergence of

exclusively in an attempt to ensure baseline similarity between study

clinical symptoms.1

participants. As such, autism findings are further skewed toward a
male presentation.3

Treatment of core symptoms is best
managed by early intensive behavioural
interventions, with extensive evidence
showing that early intervention improves
outcomes.

More recently, studies have been revisiting the relationship between

Importance of a definitive diagnosis

Autistic females are more likely to have significantly pathogenic copy

Ongoing research continually suggests that early diagnosis is essential

number variants and an increased rate of mutations compared to

to improve clinical and functional outcomes in children with ASD.

their male counterparts.3 This leads to the hypothesis that increased

Children with earlier diagnoses can receive earlier interventions,

copy number variants in females may potentially be protective, in

thereby contributing to improved outcomes and functioning in adult

terms of the severity of autism phenotypes. Copy number variant

life.

9

sex and autism, but the findings and focuses of these different studies
can be complex as they seek to answer different questions. For
example, some studies focus on epidemiology and the role of
genetics when it comes to sex in ASD. One study by Lai et al.
highlighted the role of genetics, particularly de novo mutations.

First-line treatment of autistic individuals is typically

enrichment at locus 16p13.11 has been identified as a potential

non-pharmacological and centred around behavioural interventions,

risk-generating locus in males with neurodevelopmental disorders, as

occupational therapy, and speech and language therapy.14 Treatment

this has not been identified in similar females.3 Lai et al. further

of core symptoms is best managed by early intensive behavioural

highlight the role of genetic heterogeneity, suggesting that the

interventions,

genetic aetiology of autism in females differs from that in males, and

with

extensive

evidence

showing

that

early

15

intervention improves outcomes. These outcomes include improved

that there is less penetrance of implicated genes in females.3

cognitive function and intelligence quotient (IQ), language and
communication skills, and adaptive behaviours, which are key for
day-to-day function.16 When comparing an intensive early
behavioural intervention to standard community care, early
intervention has been found to change the diagnosis for some
children from autism to pervasive developmental disorder not
otherwise specified (PPD NOS), a similar but less severe condition.
This signifies that intensive behavioural interventions can improve
symptoms to such an extent that a diagnosis of ASD is no longer
accurate.

16

This improvement in symptoms leads to improved overall

More recently, studies have been
revisiting the relationship between sex
and autism, but the findings and focuses
of these different studies can be complex
as they seek to answer different
questions.
As a result of research primarily focusing on males, females who
present with symptoms differing from the typical male phenotype
often have missed or delayed diagnoses.4,18,19 Lundström et al. and

development and ability to function daily.

Tillmann et al. both replicated findings from previous studies showing

ASD diagnosis in females

that girls with delayed diagnoses have more subtle social and

Historically, research on autism has focused primarily on males due to

communication deficits, and fewer repetitive behaviours.19,20 It is

3,17

unclear from current research exactly why autistic females and males

As such, the characteristics that define the clinical diagnosis of ASD

present differently, but the answer is likely multifactorial. Lai et al.

are based on data extrapolated from largely male cohorts, as opposed

found one contributing factor to be that females tend to have more

to mixed-gender cohorts. The female autism phenotype may differ

advanced social skills than their male counterparts, thereby masking

from that of males and contribute to underdiagnosis in females.

autistic symptoms.17 Autistic females have been found to demonstrate

the significantly higher prevalence of ASD in the male population.
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better executive function and ability to initiate friendships, leading to
less concern from school teachers.

17,21

The result is that

exhausting, and has actually led to further friendship difficulties and
identity crises.12,25 The feeling of constantly ‘pretending to be normal’

higher-functioning females may be more difficult to diagnose.

takes a significant toll on these women who receive later diagnoses of

Autistic females who do receive a diagnosis at a young age tend to

autism.12 While camouflaging can lead to delayed diagnoses, it also

have a clinical picture that is more similar to that of autistic males of

renders individuals less likely to receive a definitive diagnosis of autism

the same age, as well as more significant functional impairment than

altogether, leading to delays in support or treatment. One mechanism

19,22

undiagnosed female counterparts at the same age.

A substantial

to overcome camouflaging is increasing the understanding and

obstacle to the diagnosis of autism in females is that the diagnostic

awareness of neurodiversity and the autism diagnosis in the general

criteria have been continually studied and emphasised in males, and

population, so individuals feel less need to mask autistic symptoms.12

there are currently no differences in cut-off scores for the diagnosis
between sexes.19 Comparative studies between males and females
with ASD can provide more evidence for cut-off scores.

19

Studies have found that autistic adults
who exhibit camouflaging have
significantly higher IQ levels than those
who do not, furthering the disparities
caused by the relationship between IQ
and autism diagnosis.
The camouflage effect

Further research on the phenotype of
autism in females is an essential
prerequisite to redefining the diagnostic
criteria for ASD.
Mitigating the disparities between males and females
It is now widely acknowledged that discrepancies in the diagnosis of
autism between sexes exist. Females who are diagnosed later in life
may suffer as a result, as the deficits, particularly when untreated, can
have significant effects on an individual’s autonomy and life skills.26
Additionally, delayed diagnoses are associated with increased mental

Another confounding factor is the tendency for females to exhibit a
4,23

phenomenon known as the camouflage effect.

health problems and suicidality.12 Further research on the phenotype

Camouflaging is a

of autism in females is an essential prerequisite to redefining the

social coping strategy exhibited by autistic individuals to mask

diagnostic criteria for ASD. Long-term prospective studies on how

symptoms of autism and interact with others more easily. It describes

females present, including developing sex-dependent as well as

techniques of observing others and mimicking behaviours as an

sex-independent diagnostic criteria, is necessary to aid in the

attempt to overcome communication challenges. A significant driver

development of diagnostic tools. Current research shows an

for the use of camouflaging is the desire for friendship.12 This

increasing focus on the relationship of ASD to sex, with use of

phenomenon is exhibited by both males and females, although it is

meta-analyses, multi-centre datasets, and a more balanced ratio of

more commonly exhibited in females, another contributing factor to

male to female study participants.3

delayed diagnosis in autistic females.

17,18,24

In addition to redefining the female autism phenotype, improved

Studies have found that autistic adults who exhibit camouflaging have

education on differences in signs and symptoms of ASD between

significantly higher IQ levels than those who do not, furthering the

sexes is essential for healthcare providers, school teachers, and

disparities caused by the relationship between IQ and autism

psychologists.27 Healthcare professionals need to advocate for

diagnosis.12 One theory behind this correlation is that those with a

appropriate referrals and assessments of their patients, especially if

good memory – a key component of IQ – are better able to memorise

they are unfamiliar with minor differences in ASD sex-specific

facial expressions and the affiliated emotion without a complete

phenotypes. Improved identification of who will benefit from

understanding of the emotion itself, and can therefore utilise this skill

particular interventions based on their phenotype is a natural next

12

during times of social interaction. In addition to the association with

step in the management of ASD.27

higher IQ, the benefits of camouflaging include a higher likelihood of
forming successful relationships and reaching professional goals.12

Conclusion

The tendency to use camouflaging to cope socially is not without

ASD is a common developmental disorder characterised by social,

issue. Commonly reported adverse effects of camouflaging include

communication, and behavioural difficulties. The presentation of

12

exhaustion, loss of identity, and mental health disorders.

Autistic

autism varies significantly between children, and the diagnosis is

adolescents report that using these social coping strategies is mentally

dependent on both clinical examination and observation by
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appropriate professionals. Significant variation in diagnostic findings

camouflage effect, further delaying diagnosis of ASD in young

and cut-off scores can render diagnosis difficult. Current ASD data is

females. As a result of delayed diagnoses, females do not receive early

reflective of a predominantly male patient population, while data on

intervention, and suffer as a result. Further research on the phenotype

female ASD diagnosis is lacking. Females typically present with milder

of autism in females and more accurate diagnostic criteria must be

symptoms, and exhibit social coping strategies such as the

carried out to mitigate these issues.
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So, you think you want a
career in global surgery?

Abstract
Surgery has been a long-neglected specialty within the realm of global and humanitarian
medicine. It has taken several decades for its importance to be recognised and justified, and for
its progress to be prioritised by the wider global healthcare community. Safe, timely and
affordable surgical and anaesthetic care remains inaccessible to approximately five billion
people. Surgical disease comprises a growing burden of morbidity and mortality. An estimated
143 million additional surgical operations must be performed each year to prevent disability,
improve quality of life, and save lives. Globally, there remains a shortage of surgeons,
anaesthetists, and obstetricians. While the strength and depth of surgery’s impact depends on
a multitude of factors, current and future clinicians are undeniably essential to the success of
the field. Medical institutions and academic training centres play an equally significant role in
surgical education and training. Yet in order to provide the number of operations required
worldwide, there needs to be a continued increase in current and future generations of medical
Chloe Warehall
RCSI medical student

graduates with a passion for and commitment to global surgery. This review outlines the
important considerations in pursuing the pathway towards a career in global surgery.
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 57-61.
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Introduction
Forty-two years ago, in 1980, the then Director-General of the World

people.1 Due to the apparent need for increasing numbers of

Health Organisation, Halfdan Mahler, attested to the importance of

healthcare professionals to tackle this seemingly insurmountable task of

surgery in primary healthcare, and urged global health organisations

providing equitable surgical care worldwide, numerous initiatives have

to address the apparent inequities surrounding access to surgical care.

been put in place, particularly in high-income countries (HICs).1 These

Despite this plea, surgery has been largely denied as a priority in

initiatives aim to ensure that surgical practitioners and allied healthcare

1,2

global health.

Thirty-four years later, in the 2014 opening address

workers receive adequate education and training to expand access to

at the Lancet Commission on Global Surgery, the President of the

surgical care and prepare for a career in global surgery.1,5 Medical

World Bank, Jim Kim, echoed this claim, insisting that “surgery is an

schools and academic medical centres undertake critical roles as the

indivisible, indispensable part of healthcare”.2,3 The approximately

primary authority in educating and training future clinicians. Not only

16.9 million lives that were lost from conditions necessitating surgical

do these institutions take on the role of producing future SAOs within

care in 2010 alone prove this declaration to be true.

2

their own student populations, but they are also encouraged to

Across the last several decades, remarkable strides have been made in

provide instruction and training to providers in LMICs, with the

the promotion and management of global health. However, safe,

overarching goal of retaining SAOs where they are needed most.

timely, and affordable surgical and anaesthetic care remains
inaccessible to approximately five billion people – particularly those in
low-income countries (LICs) and lower-middle-income countries
(LMICs).2 Surgical disease is responsible for a growing burden of
morbidity and mortality, notably in infectious, reproductive,
maternal, neonatal, malignant, and cardiovascular diseases.
Approximately 313 million procedures are performed annually, yet
only 6% of these are undertaken in the world’s poorest countries,
despite one-third of the global population calling these countries

Global surgery is used as an overarching
term describing the multidisciplinary
work and team including, but not limited
to, surgeons, anaesthetists, obstetricians,
nurses, and public health practitioners,
who strive to provide equitable surgical
care worldwide.

home. To prevent disability, improve quality of life, and save lives in
LMICs, an estimated 143 million additional surgical operations must
be performed each year.

2

As a medical university in a HIC, the Royal College of Surgeons in
Ireland (RCSI) is an excellent example of an institution that facilitates

Although once a neglected component of global health, surgery is –

surgical training in LMICs.1,5,6 Not only does the RCSI provide a global

and always has been – an essential component of healthcare. Global

surgery module in both the Master of Surgery and Master of Surgical

surgery is used as an overarching term describing the multidisciplinary

Science and Practice degrees, but the RCSI has also established a

work and team including, but not limited to, surgeons, anaesthetists,

partnership with the College of Surgeons of East, Central and

obstetricians, nurses, and public health practitioners, who strive to

Southern Africa (COSECSA), which has proven to be immensely

4

provide equitable surgical care worldwide. While global surgery and

successful.1,5,6 This relationship fosters surgical education and training

humanitarian medicine continue to rapidly evolve and respond, the

in east, central, and southern Africa through a combination of surgical

task of providing timely and necessary healthcare and surgery to

skills courses, an online surgical curriculum designed around the

LMICs depends on the current and future generations of academics,

needs of providers within Africa, and a surgeon-scientist training

politicians, economists, biomedical engineers and, in particular,

programme. Importantly, this partnership has demonstrated surgical

1,4

clinicians.

While it has taken decades to achieve recognition of its

provider retention, with approximately 93% of surgeons trained at

importance, a career in global surgery is now quite feasible, allowing

accredited sites in Africa choosing to remain in Africa to continue their

clinicians to immerse themselves in a challenging, rewarding, and

practice.1,7 Additionally, the RCSI’s Institute of Global Surgery allows

evolving professional surgical subspecialty.

medical students to undertake summer electives in COSECSA partner
regions, and thereby fosters student experiences in global surgery

Initiatives moving forward

from an early stage in their careers.8

Globally, there remains a shortage of surgeons, anaesthetists, and

There are numerous other academic institutions that focus on

obstetricians (SAO), with 1.27 million new providers required by 2030

educating their students about global surgery throughout medical

in order to reach a target proportion of about 20 SAOs per 100,000

school. In the UK, both Oxford University and the Royal College of
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Surgeons of England offer global surgery courses, with King’s College

imperative that the global surgery agenda focuses on local surgical

London offering a master’s programme in global health and global

training in the regions facing significant surgical burden, while

surgery.6 In North America, Harvard University offers a Paul Farmer

accepting aid and education from global surgeons who are invested

Global Surgery Research Fellowship, while both McGill University and

in the well-being of LMICs, their surgical trainees, and their patients.10

the University of British Columbia have master’s programmes related
to global surgery.6 Other internationally focused research and training

Beginning a career in global surgery

organisations include: Harvard University’s programme in global

Although medical school may seem like a premature time to begin

surgery and social exchange; and, the pan-African paediatric surgery

one’s career in global surgery, there are ample opportunities to do just

e-learning platform developed by the West African College of

that. Fifty-four of the 155 Liaison Committee on Medical Education

Surgeons, COSECSA, the Pan-African Academy of Christian Surgeons,

(LCME) medical schools actively participate in the Global Surgery

5,6

and the Royal Australian College of Surgeons.

As evidenced by an

Student Alliance (GSSA), yet medical school curricula are often unable

extensive review by Flynn et al. (2021), which covers 67 publications,

to keep up with the growing interests of the students.11 A recent study

HICs continue to demonstrate a rapidly growing investment in global

by Scott et al. demonstrated that approximately 66% of surveyed US

surgery education, and in surgical training programmes in LMICs

medical students reported an interest in global surgery, while 79%

across the globe.5

asserted that this topic was never addressed in their classes.12 While it
is apparent that this is an area for improvement in the medical

There are numerous academic institutions
that focus on educating their students
about global surgery throughout medical
school.

curriculum, there remain many ways to broaden one’s knowledge

Ethical considerations

residents and medical students regarding how to prepare for a career

In any discussion of global surgery, it is extremely important to

in this field.13 Some of Dr Chu’s suggestions include: participating in

recognise and understand the concept of surgical colonialism. This is

a global health project or research; learning a foreign language

especially relevant for institutions in HICs that focus on providing

(particularly that of the community you aim to work in); participating

6

about surgery and to continue to prepare for a career in global
surgery. In 2010, an article entitled ‘Open Letter to Young Surgeons
Interested in Humanitarian Surgery’ was published by Dr Kathryn
Chu, with the aim of giving ten recommendations to both surgical

international surgical care. Surgical colonialism often refers to a

in an international clinical elective; earning a master’s degree in public

scenario whereby surgical trainees from HICs view international

or global health; choosing a surgical residency with global health

rotations in LMICs as an unregulated opportunity to boost case logs

links; engaging with a mentor who possesses global health interests;

in various procedures that may occur less frequently in their own

and, attending global health and surgery conferences.13

countries. Moreover, international rotations in LMICs often result in
international trainees engaging in research that can easily be credited
1

as all one’s own. A prominent example of this occurred in Uganda,
whereby a survey demonstrated that despite Ugandan trainees
playing an active role in conducting research, they were not
published as co-authors.1,9 These behaviours can pose harm to

Although medical school may seem like a
premature time to begin one’s career in
global surgery, there are ample
opportunities to do just that.

patients and also threaten the LMIC trainee education experience.1,6

While this list may seem daunting, especially to those who may be in

While it took many decades for the global surgery initiative to take

their latter years of medical school, it is by no means the required

hold and to gain priority status in HICs, this initiative must remain

pathway to a career in global surgery. Although medical school serves

rooted in the principles of medical ethics – autonomy, beneficence,

as a wonderful launching point to learn about and become involved

non-maleficence, and justice.7 Although these ethical principles are

in global surgery through research, volunteer work, humanitarian

historically used when discussing patient rights and the duty medical

societies or conferences – such as the RCSI Friends of Médecins Sans

practitioners owe them, these same principles should be used to

Frontières’ (FoMSF) Humanitarian Response to Crisis Conference –

protect and prioritise both the clinical and research needs of the

postgraduate training also provides additional opportunities to

trainees in LMICs. It is these individuals who will be providing and

identify a passion for global surgery.

maintaining long-term surgical care in the community.7,10 Thus, it is

There are numerous residencies that have elective opportunities for
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surgical residents, such as Brown, Mount Sinai, Columbia, Yale,

An insightful example of a global surgical career

Stanford, St. Joseph Mercy Hospital, Washington University in St.

One particularly useful piece of advice for students with an interest in

Louis, and University of California San Francisco (UCSF).14 Some

global health is to find a mentor with global health interests.13 For

programmes also offer a specialised global surgery training pathway.

example, Dr David C. Knight is an RCSI alumnus, a respected

The Massachusetts General Hospital Global Surgery Pathway allows

surgeon, and the Associate Director of the Surgical Residency

residents to gain early exposure to global health work via structured

Program at Waterbury Hospital.16 In addition to all of his

opportunities in research, education, policy, and clinical training in

responsibilities, Dr Knight also has an immensely impactful career in

LMICs.15 Other notable residency programmes with global surgery

global surgery, taking biannual trips to Liberia both to operate and to

pathways include UCSF, which mandates global health experiences as

educate surgical trainees.

a requirement for surgical training.14 Additionally, global surgery

Of note, Dr Knight did not begin his global surgery career until 2010,

fellowship programmes are becoming increasingly common, as well

many years after completion of his surgical residency training.

as the opportunity to pursue a master’s degree in public or global

However, over the course of his 21 trips to Liberia, global surgery has

heath while completing a surgical residency.14

become an integral part of his surgical practice.16 During each trip, Dr
Knight is usually accompanied by five to seven colleagues, including

Global surgery fellowship programmes
are becoming increasingly common, as
well as the opportunity to pursue a
master’s degree in public or global heath
while completing a surgical residency.

another attending surgeon, Waterbury Hospital surgical residents, an
anaesthetist, and an operating room nurse.16 During their two weeks
in Liberia, Dr Knight and his team perform 80 to 90 operations,
including thyroid surgery (particularly because goitre is endemic in
Liberia), hernia cases, breast cases, and a variety of abdominal
surgeries.16
Interestingly, when Dr Knight and his team first arrived in Liberia in

Benefits and challenges

2010, there were fewer than 10 trained surgeons in Liberia serving

While the most obvious benefits to a career in global surgery should

a population of 4.5 million people.16 This was largely due to the

be evident through the surgical care provided for patients,

Liberian Civil War, which resulted in the cessation of postgraduate

becoming involved in global surgery as a medical student, resident,

surgical training in 2000. In recognising that a central aspect of his

14

or even a well-established clinician can prove quite rewarding. Some

work in Liberia would need to be teaching Liberian surgical

of the benefits of this career path can include: personal development

residents, Dr Knight began spending a significant proportion of his

by increasing self-awareness; an improved understanding of the

time in Liberia, which enabled him to educate incoming classes of

world outside one’s own perception; and, cultural enhancement via

aspiring surgeons when postgraduate training resumed in 2013.16

appreciation of, and respect for, unfamiliar customs and traditions.

While global surgery has become both a passion and an essential

Increased necessity for improved history and examination

part of Dr Knight’s career, he acknowledges that each doctor must

techniques – particularly since many hospitals in LMICs do not have

assess their own life and envision what they want it to look like:

all of the diagnostic instruments that are so commonly relied upon
in HICs – can also result in improved clinical acumen for surgical

“I often tell my residents when they ask for advice about careers that

trainees.14

they need to think about what kind of community they want to live

While limited access to the diagnostic equipment can increase a

in. Super-specialisation has its good points, but it is limiting in terms

clinician’s aptitude in history and examination skills, working in

of where you can make a living. If you want to be a transplant

countries with unfamiliar cultures, languages, and societal norms can

surgeon, you are pretty much limited to a major medical centre in

prove immensely challenging. Moreover, the restraints of limited

terms of your practice; by the same token, a general surgeon in the

supplies or diagnostic technology, which may not exist in some

US would find it difficult to survive in a big city surrounded by breast

LMICs, may threaten the capacity to successfully complete an

specialists, hernia specialists, etc. For anyone contemplating global

14

otherwise familiar surgical procedure.

Collectively, these benefits

surgery, having the broadest possible training is very important in

and challenges demonstrate the need for global surgery education

order to be the most useful on trips. With an interest in

that adequately prepares students and trainees for events and

MSF/humanitarian work, you will need to think about how that can

experiences that they may not have otherwise anticipated.14

be accommodated within your practice/career. If you are in a solo
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private practice setting, I think you would find it financially difficult

Conclusion

to be away from your practice for extended periods of time. These

Surgery has been a long-neglected specialty within the realm of

are all factors to be considered, but it is also important to remember

global and humanitarian medicine.1,2 Although it has taken several

that situations change, and what is good when you are starting in

decades for its importance to be recognised and justified, and for its

practice may not be what you want 10 or 20 years later”.16

progress to be prioritised by the wider global healthcare
community, the era of appreciation for this critical field has begun.1

One particularly useful piece of advice for
students with an interest in global health
is to find a mentor with global health
interests.

While the strength and depth of surgery’s impact depends on a

In considering a career in global surgery, it is important to have

operations required worldwide, a continued increase in upcoming

realistic expectations and hopes for future career and life. While

generations of medical graduates with a passion and commitment

global surgery will not be everyone’s passion, it can serve as an

to global surgery is required.1,2 While medical school can serve as an

impactful and rewarding avenue. A career in global surgery enables

excellent starting point for a budding career in global surgery, it is

one to provide both humanitarian assistance and training in LMICs,

important to remember that this career path can be pursued at any

but also serves as an opportunity to see and learn about the world

point in one’s surgical career.

multitude of factors, current and future clinicians are undeniably
essential to the success of the field. Medical institutions and
academic training centres play an equally significant role in surgical
education and training. However, in order to provide the number of

in unanticipated ways.14,16
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Cryotherapy and cold water
immersion: a deep dive

Cryotherapy
Cryotherapy is commonly used to reduce inflammation and recovery times, especially following
high-intensity exercise. Studies have shown that improvements in muscle recovery may be
observed in as little as one cryotherapy session. From orthopaedics to oncology, cryotherapy is
now being considered for a growing number of conditions in a variety of medical specialties.
However, the scientific community remains uncertain about how it actually works. Cold water
immersion and other cryotherapy methods have been linked to several pathways, including
immune, endocrine, vascular and nervous system changes. With such a vast range of effects,
the exact method of action is difficult to ascertain. As the pool of research continues to grow,
so too does the number of reported treatment applications. Even cold showers can provide
benefits in disorders of physical or mental health. Understanding the molecular processes
involved is paramount for maximising therapeutic efficacy and allowing healthcare
professionals to recommend cryotherapy with confidence. With these implications in mind, this
Matthew Macciacchera
RCSI medical student

review explores the literature to date and aims to answer the question: what does cryotherapy
really do?
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 62-66.
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Introduction
Cryotherapy, the use of extremely low temperatures for medical
therapy, has existed since 3,000 BCE.1 Its origins can be traced as far
back as the pharaohs of ancient Egypt, who applied cold compresses
to infected wounds. Treatment has come a long way, as cryotherapy
has become prominent in medical practice. Today, cryotherapy is
commonly used for the reduction of inflammation and recovery
times, especially following high-intensity exercise.2,3 Studies have
shown that improvements in muscle recovery may be observed in as
few as one cryotherapy session.4 In recent years, cryotherapy has
expanded beyond the field of sports medicine, as researchers have
proposed that cryotherapy can result in a variety of health benefits,
from nervous system modulation and sleep improvement, to making
chemotherapy regimens more effective.5-7 Cold showers, the simplest
form of cryotherapy, have even been linked to symptomatic
improvements in patients with major depressive disorder.8
Over the last decade, cryotherapy research has focused on
determining which physiological pathways are affected by treatment.
At the forefront of this research is an exploration of whether
cryotherapy elicits a therapeutic dampening of the inflammatory
response that occurs following physical trauma. This pathway has

importance because the most widely used application of cryotherapy

been repeatedly suggested as the mechanism of action underlying

is for muscle recovery following physical activity.

treatment. However, several other potential pathways, including
endocrine, vascular, and nervous system changes, will be covered
herein. Despite the vast amount of research on cryotherapy,
uncertainty remains within the scientific community regarding its

This method, when used more directly
for only a portion of the body, is termed
partial-body cryotherapy (PBC).

efficacy. We are left to tackle the question: what does cryotherapy
really do?

Muscle recovery

Today, cryotherapy is commonly used for
the reduction of inflammation and
recovery times, especially following
high-intensity exercise.

Inflammation is a natural response to active muscle tissue damage
that occurs during intense physical activity. Repetitive use of large
muscle groups causes creatine kinase and inflammatory mediators,
including C-reactive protein (CRP) and interleukin-6 (IL-6), to
accumulate in the peripheral vasculature.11 Accumulation of

Treatment methods

inflammatory mediators results in a condition known as delayed-onset

Cryotherapy is an umbrella term, as several forms of treatment exist.

muscle soreness (DOMS). DOMS typically presents the day after

One of the most popular methods of treatment is whole-body

high-intensity exercise and may persist for two to five days.12 This can

cryotherapy (WBC). WBC entails exposing the entire body to

be frustrating for people who train on consecutive days, and can

extremely cold dry air, with temperatures ranging between -110°C

make adherence to an exercise plan difficult.

and -140°C.9 This method, when used to target a portion of the body,

Cryotherapy treatment following exercise has been shown to limit the

is termed partial-body cryotherapy (PBC). Another well-known

severity and duration of DOMS due to its anti-inflammatory effects.12

method of cryotherapy is cold water immersion (CWI), in which the

Research now exists that explores the relationship between

body is immersed in water below ≤15°C immediately following

cryotherapy and inflammatory mediators, particularly in relation to

physical activity. The recommended treatment time of 15 minutes is

muscle recovery. For example, Dupuy et al. conducted a meta-analysis

thought to expedite muscle recovery.10 This is of particular

to assess the efficacy of cryotherapy treatment compared to other
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common non-pharmaceutical treatments for muscle recovery
13

following exercise.

The authors found that subjects who were

exposed to cold temperatures following bouts of intense exercise

these subjects. If cryotherapy does in fact lead to beneficial
haemodynamic changes, it may be useful for recovery from more
profound trauma.

demonstrated moderate but significant reductions in CRP, IL-6, and
creatine kinase levels relative to other treatments such as stretching
and electrostimulation.

13

This begs the question: could muscle

soreness be alleviated simply by lowering levels of inflammatory
mediators? Studies by White et al. and Siqueria et al. provide
contradictory evidence. While they were able to appreciate a more

Cryotherapy methods are
thought to cause peripheral
vasoconstriction, allowing blood
to pool in the central vasculature,
which may promote oxygenation.

significant reduction in DOMS following cryotherapy compared to
control methods, they failed to observe significant differences in
inflammatory mediator levels.14,15

Surgical stress response

Cryotherapy is thought to limit the cellular stress response in skeletal

The effects of surgery and physical trauma on the body are not

16

muscle cells. When the body is exposed to environmental stressors

entirely different. During surgical procedures, a stress response occurs

or physical trauma, as is the case during intense exercise, the cellular

through the hypothalamic-pituitary axis, which resembles the

stress response takes place. This process involves the release of

response triggered by traumatic injuries. This process involves an

inflammatory mediators, which activate leukocytes and satellite cells.

increase in adrenocorticotropic hormone (ACTH) release from the

When cells are under stress, their growth may be halted, and damage

pituitary gland, which prompts target organ release of cortisol and

may occur due to the production of reactive oxygen species (ROS). A

catecholamines.22 Termed the ‘surgical stress response’, the

recent study conducted by Zembron-Lacny et al. found that WBC

widespread effects of the newly circulating hormones will initiate

improved skeletal muscle regeneration following tissue damage by

recovery in the postoperative patient. The duration of the surgical

not only reducing circulating levels of inflammatory mediators such as

stress response varies according to severity.22 Consultant anaesthetist

17

IL-1 and CRP, but also by decreasing ROS production. An additional

Dr Mark Harper has drawn parallels between the surgical stress

study by Siqueira et al. investigated the effects of cryotherapy

response and the physiological processes that occur when the body is

following skeletal muscle injury in rats, and determined that icing

subjected to cryotherapy; specifically, how extremely cold

injury sites effectively reduced oxidative stress by decreasing the

temperatures prompt similar hormonal changes to those seen in the

Despite these encouraging

surgical stress response.23 Harper has proposed that small doses of

findings, it is important to acknowledge that several clinical trials

cryotherapy prior to surgery may actually prepare the body for the

carried out in 2017 failed to observe a significant relationship

ensuing stress and blunt the negative effects that follow.23 Proof of a

between cryotherapy and various aspects of the cellular stress

link between cryotherapy and the release of the aforementioned

production of ROS in those areas.

18

19

response.

hormones would theoretically justify the use of cryotherapy prior to

A particularly interesting focus of research on muscle recovery in

surgery. To date, clinical evidence supporting this type of

recent years has been the relationship between cryotherapy-induced

pre-operative treatment remains low.

vasoconstriction and the resulting changes in muscle oxygenation.

20

Tissue oxygenation declines during exercise, leading to muscle
fatigue and eventual exhaustion.

21

Cryotherapy methods are

thought to cause peripheral vasoconstriction, allowing blood to
pool in the central vasculature, which may promote oxygenation.
Vasoconstriction may also limit the amount of inflammatory

Termed the ‘surgical stress response’,
the widespread effects of
the newly circulating hormones
will initiate recovery in the
postoperative patient.

mediators that can accumulate in the muscle vasculature.20 White et
al. studied athletes before and after performing intense exercise,
and found that while IL-6 levels were unaffected or even higher

The vasculature

following CWI, the athletes exposed to it still experienced improved

Interestingly, cryotherapy may also have potential as a treatment

muscle performance.

14

Therefore, enhanced oxygenation could be

adjuvant to chemotherapy. Short-term exposure to cold temperatures

the mechanism by which cryotherapy blunted muscle fatigue in

has been shown to reduce levels of vascular endothelial growth factor
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overwhelming number of electrical impulses are then sent to the
brain. Subsequent activation of the sympathetic nervous system
increases circulating beta-endorphin and norepinephrine levels. The
result is an improvement in subjective mood and well-being.8,25
Perhaps the most exciting part of this mechanism is that there is an
analgesic effect, usually without the side effects or dependence that
often accompany pharmaceutical treatments.
Cryotherapy-induced nervous system modulation has also been
shown to enhance sleep. A randomised controlled trial in 2019 found
that WBC or PBC led to an improvement in sleep quality for physically
active men.6 These results were attributed to augmented
parasympathetic activity during the slow-wave sleep period, a theory
also cited by Ihsan et al. in 2016.26 When the skin is exposed to
extremely cold temperatures, there is an increase in sympathetic
nerve output to the periphery, which raises plasma norepinephrine
concentrations. Subsequent parasympathetic reactivity prompts
peripheral vasoconstriction, which shifts the blood volume towards
(VEGF), an essential contributor to revascularisation through

the core, triggering a baroreflex-mediated increase in vagal tone.26

angiogenesis.24 Cancerous cells utilise angiogenesis to grow and
metastasise, so when VEGF levels are reduced, malignant tumours are

Conclusion

unable to thrive. In 2006, Forest et al. found that a combined

The studies considered within this review discuss cryotherapy results

treatment of chemotherapy with a nitrous oxide cryoprobe

with uncertainty regarding the underlying molecular mechanisms.

significantly reduced the volume of bronchial carcinoma tumour cells

Moreover, different exercise protocols have been used to study

in mice compared to controls.

24

However, the authors attribute this

cryotherapy in a wide variety of individuals. This is problematic insofar

finding to a cryo-induced angiogenesis. Although cryotherapy may

as stress levels vary based on the type of exercise, which makes the

limit angiogenesis in an acute setting, Forest et al. found that 8-15

true effect of cryotherapy difficult to ascertain. Additional

days of treatment led to an increase in VEGF expression. While

consideration should be given to the factors that predispose

angiogenesis is related to the pathogenesis of many cancers,

individuals to a stronger or weaker treatment response. For example,

intertumoral hypervascularisation can actually increase treatment

some studies have claimed that the effects of cryotherapy are greater

efficacy by providing chemotherapy agents with greater exposure to

in males than females.27 The lack of consistency and standardisation

cancerous cells.

24

A more recent study in patients with non-small-cell

across studies has prevented a consensus regarding optimal

lung cancer (NSCLC) determined that the adjuvant use of

therapeutic criteria. Reported adverse effects of cryotherapy include

cryotherapy with either chemotherapy or immunotherapy may lead

bleeding, frostbite, chronic pain and even loss of digits. However,

7

to significantly longer survival times. In this study, cryotherapy is

these occur at an estimated rate of 0.00225%.28 Considering how

beneficial as it stimulates phagocytes to remove the apoptotic debris

rarely complications arise, along with the evidence outlined in this

resulting from chemotherapy. This occurs through ‘cross-priming’ of

review, it is reasonable to conclude that the potential benefits of

CD4+ and CD8+ T lymphocytes, a phenomenon known as the

cryotherapy outweigh the risks.

cryo-immunological response.7 This is an especially important finding

Still, a better understanding is needed of the molecular processes that

because there are currently no effective therapies to treat metastatic

occur when we find ourselves exposed to extremely low

NSCLC.

temperatures. Influencing muscle vasculature is likely the strongest
theory to focus on, with some degree of inflammatory modulation

The nervous system

involved. Future research must aim to uncover the exact interplay

Cryotherapy methods may have a profound effect on the nervous

between cryotherapy and the various pathways affected. Additionally,

system. Immersion in cold water activates peripheral nerve endings

clinical studies will allow for the maximisation of therapeutic benefits

found in the skin. Due to the high density of these nerve endings, an

and the ability to tailor treatment plans accordingly.
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Modulation of the unfolded
protein response

Abstract
The unfolded protein response, or UPR, is a cellular process that is crucial in maintaining the
physiological function of various cell types throughout the body. The development of
therapeutic modulators of the UPR would have the potential to change the clinical course of
certain diseases. The UPR has been rigorously studied for years in an effort to create reliable
ways to control and modulate UPR effector mechanisms that are involved in disease
pathogenesis. Some such diseases include cardiovascular and neurodegenerative diseases,
several forms of diabetes mellitus, many cancers, and even COVID-19. This article will explain
the basic principles of the UPR pathway as it relates to cell survival and function, and proceed
to outline how the future expansion of pharmacological UPR modulators may lead to
Daniel Harrington
RCSI medical student

ground-breaking advancements in the treatment of diabetes, certain cancers, and other
diseases as well.
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 67-70.
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Introduction
Prior to the turn of the 21st century, most interventions in Western

sufficient, and a small number of misfolded proteins accumulate in

medicine were broad in their applicability. Morphine, emetics,

the ER.4,5 This accumulation of misfolded proteins within the ER

anti-emetics, arsenic, and blood-letting were common tools used by

triggers the UPR. The initial effector response of the UPR results in

physicians to combat most ailments between 1700 and 1900.1 The

upregulation of specialised folding proteins. In many instances, this

discovery of the Philadelphia chromosome in 1959, the t(9;22)

initial response permits the cell to maintain effective protein synthesis

reciprocal translocation that aberrantly activates BCR-ABL kinase

and folding until the environmental insult subsides. However, if the

protein in chronic myelogenous leukaemia (CML), led to the creation

initial response is not able to increase protein folding capacity to the

of imatinib 39 years later. Imatinib is a small-molecule kinase inhibitor

point where it can successfully reduce aggregations of misfolded

that specifically targets the ABL kinase, making it an effective

proteins, then the prolonged activation of UPR shifts effector

2

treatment for CML. This achievement helped spur a shift to a more

mechanisms to ultimately induce apoptosis.4

precise approach to medicine, wherein researchers began to target
molecular components in essential cellular pathways of cancer cells.

Artificial modulation of the UPR

This revolutionary approach came to be known as precision medicine,

Modulation of the UPR has been studied as a potential therapeutic

which in basic terms means administering treatments that are tailored

intervention. The precise target for modulation depends on the

to a person’s specific disease, whereby patients can be classified into

disease process. For instance, in proliferative diseases, malignant cells

certain subpopulations with respect to disease progression and

adapt with mechanisms that downregulate the UPR, which allows

treatment response. At one point, small-molecule inhibitors were

them to evade UPR-induced apoptosis.3 Therapy that selectively

thought of as the future of medicine. However, despite the success of

increases the intensity of UPR-mediated apoptosis signalling in these

precision medicine, it can sometimes be limited by its specificity.

malignant cells could potentially render them incapable of overriding

While precision medicine is valuable for a small number of

this process. Conversely, UPR-induced apoptosis is a driving factor in

pathologies, there has been a push to identify and modulate more

the pathogenesis of diseases such as amyotrophic lateral sclerosis

universal disease pathways that affect the entire physiology of certain

(ALS), causing neuronal death. Therefore, a potential therapeutic

cell types. One pathway that has recently generated excitement in the

intervention in these pathologies might target pathways that

medical research community is the unfolded protein response (UPR)

downregulate or inhibit the UPR altogether. Modulation of the UPR

pathway. The UPR is an intrinsic cellular pathway present in all human

could therefore have a broad spectrum of therapeutic utility.3,4

cell types, which consists of a series of signalling mechanisms that
monitor the protein synthesis demands of the cell.3,4 Due to its

UPR in the pathogenesis and treatment of diabetes

universal nature across all cell types, modulating the UPR has created

mellitus

novel opportunities to treat a massive range of diseases. While the

Type 1 diabetes is caused by autoimmune destruction of beta cells

spectrum of pathologies that involve the UPR are quite broad, two of

within pancreatic islets. Zhong et al. found evidence suggesting that

the most extensively studied applications of therapeutic UPR

several mediator proteins produced by the UPR are involved in the

modulation are in diabetes and cancer.

development of self-antigens against pancreatic beta cells, while
Marre et al. observed a similar mechanism in isolated murine islets.6,7

The unfolded protein response

Type 2 diabetes involves peripheral insulin resistance combined with

The effects of UPR activation vary depending on the duration and

beta cell burnout, which includes decreased beta cell mass as well as

intensity of the stimulus. In normal cellular physiology, protein

dysfunction. Samuel and Shulman reported that the UPR is involved

synthesis and subsequent protein folding largely occurs in the

in the aberrant response to accumulated lipids that ultimately leads to

endoplasmic

impaired insulin signalling and insulin resistance.8

reticulum

(ER).

Specialised

proteins

including

chaperones and foldases ensure that the products produced in the ER

Some studies have investigated whether mild activation of the UPR

are folded properly. This is extremely important because the structure

could induce an adaptive mechanism in beta islet cells. Normally,

and shape of a protein are critical to its functional capacity. When a

beta islet cells have a limited ability to proliferate, but certain

cell experiences an environmental insult such as infection, it may

manipulations have been shown to induce beta cell proliferation.

respond by increasing protein production. Under such circumstances,

Sharma et al. showed that low levels of UPR activation drives beta cell

the typical number of specialised folding proteins within the ER is not

proliferation commensurate with insulin demand, permitting
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adaptive increases in beta cell mass to keep up with times of

prostate, colorectal, gastric, and liver) through induction of

heightened demand for protein synthesis, such as during

UPR-mediated apoptosis.20 This not only supports the movement for

hypoglycaemic states.

9

This suggests that artificial intermittent

upregulation of the UPR in cancer treatment, but it also suggests that

activation of the UPR may bolster the ability of beta cells to respond

such treatments may be possible through the use of naturally

to increased insulin demand. In an extensive collaborative effort,

occurring bioactive compounds, which reduces both the time and

HG-9-91-01 was identified as a key mediator of beta cell proliferation

costs that are typically associated with de novo drug development.

via high-throughput screening, and shown to be activated by
transient generation of UPR signalling.10 The findings, recently

Other potential therapies involving the UPR

published in Nature Metabolism, identified the HG-9-91-01

There are a number of different pathologies for which UPR

mechanism of transient UPR generation and subsequent beta cell

modulation is being investigated as a potential therapeutic option.

proliferation in zebrafish, a mechanism that was then confirmed in

The UPR has been implicated in some neurodegenerative disorders

mouse and human beta cells. Collectively, this growing evidence has

including ALS and prion diseases, and studies have found that

demonstrated that mild upregulation of the UPR in beta cells can

inhibiting key UPR mediators provides a degree of neuroprotection in

potentially increase beta cell mass in diabetic patients, theoretically

those pathologies.21-24 UPR modulation has also been explored as an

providing a therapeutic option for patients with both type 1 and type

option to treat certain heart conditions, including heart failure,

2 diabetes mellitus.

ischaemic heart disease, and atherosclerosis.24-27 Another potential
disease

that

is

suitable

for

therapeutic

intervention

that

Role of the UPR in pathogenesis and treatment of cancer

downregulates the UPR is chronic kidney disease, as UPR activation

As previously discussed, activation of the UPR is initially adaptive, but

has been implicated in the progression of acute kidney injury to

prolonged activation of the UPR eventually induces apoptosis.

chronic kidney disease.28-30

UPR-induced apoptosis is a protective mechanism that involves the

A topical occurrence where the UPR looms large is with the

mitochondria and helps to reduce the occurrence of malignant

SARS-CoV-2 virus that causes COVID-19. UPR modulation has been

proliferation. Disruptions in UPR effector mechanisms, including

proposed as a way to potentially reduce the clinical severity of

mitochondria-mediated apoptosis, can contribute to carcinogenesis,

COVID-19.31 The exact mechanisms of UPR involvement and its

and in these instances, an upregulation of UPR-mediated apoptosis

relevance in the pathogenesis of COVID-19 are still being studied.

could be beneficial.

11

Still, the idea that an extreme stress response caused by the

The UPR has been shown to be involved in the progression of several

SARS-CoV-2 virus could outstrip normal cellular synthetic capacity,

different types of cancer, including breast malignancies and

causing activation of the UPR, would certainly fit with the pattern

12,13

glioblastoma multiforme.

A group of small-molecule drugs called

exhibited by other pathologies that cause extreme stress.

disulfide bond-disrupting agents (DDAs) has been shown to
selectively kill EGFR+ and HER+ breast cancer cells in vitro and in vivo,
findings that were found to be the result of increased ER stress.

14,15

Conclusion
The UPR has been implicated in many pathologies, including type 1

GRP78 is an inhibitor of ER stress-associated apoptotic effectors.

and 2 diabetes mellitus as well as certain types of cancer. Mild

Malignancies with an over-expression of GRP78 have a higher

activation of the UPR has been shown to increase the capacity of beta

pathological grade, higher risk of recurrent disease, and lower rate of

islet cells to proliferate, representing a therapeutic option for diabetes.

16,17

survival.

Epigallocatechin gallate (EGCG) blocks GRP78 from

Some proliferative diseases, particularly malignancies, have the ability

binding to and inhibiting its target ER stress apoptotic effectors,

to reduce cellular sensitivity to UPR signalling that would otherwise

which prevents the anti-apoptotic effects of GRP78.18 The use of

promote UPR-mediated apoptosis. In those diseases, artificial

EGCG has been effective in treating B-cell acute lymphoblastic

upregulation of the UPR could potentially be therapeutic. Other

leukaemias – an effect that was confirmed to be mediated through

diseases, such as ALS, are driven by UPR-mediated apoptosis, and

altering the ER stress response.

19

therefore a reduction in UPR signalling could potentially treat those

A review by Kim and Kim discussed the specific UPR pathways that

diseases. Once the UPR can be successfully and reliably modulated,

can be upregulated to induce apoptosis in cancer.20 The review

there is significant potential for rapid advancements in a much wider

demonstrated that naturally occurring bioactive compounds create

range of diseases, making the UPR one of today’s most important

suppressive effects against six major types of cancer (lung, breast,

areas of research.
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A new approach to sepsis care

Abstract
Sepsis is among the most lethal medical conditions, posing a universal threat to most
healthcare systems throughout the globe. Although sepsis occurs because the immune system
is mounting a response to infection, it paradoxically harms the body, leading to a rapid
deterioration of most organ functions. The successful uptake and subsequent implementation
of sepsis care bundles across healthcare institutions has led to a decrease in sepsis-related
morbidity and mortality. However, despite these ongoing advances, current treatment
protocols often fail to address the underlying pathology of the inflammatory response that
drives sepsis. Pharmaconutrients, or pharmacologically active nutrients, may reduce the
hyperinflammatory response that underpins sepsis, and serve as potential adjuvants to current
care protocols. While considering the global burden of sepsis, this review will highlight the
importance of revising the current approach to sepsis care by examining the role of
pharmaconutrition as a novel therapy.
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 71-75.

Introduction

the most expensive conditions to treat.4,5 In

Sepsis has been well documented in the ancient

addition to healthcare costs directly related to

works of Hippocrates and Galen, yet this condition

sepsis, there are a number of potential negative

remains the Achilles heel of most healthcare

sequelae experienced by survivors, including

settings.1,2 According to the Lancet’s recent global

cognitive dysfunction, psychiatric morbidity,

burden of disease study, sepsis accounts for

rehospitalisations, and reduced quality of life.4,5

Stephanie Gagnon

approximately 20% of all global deaths, with an

Sepsis is defined as an exaggerated systemic

RCSI medical student

estimated 48.9 million new cases reported each

immunological response generated by the body in

3

year. Sepsis places a substantial financial burden

the wake of infection.1,2,6 This heightened

on healthcare systems, as it is considered one of

inflammatory response can lead to circulatory,
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cellular, and metabolic dysfunction, which results in a state of
life-threatening organ dysfunction, known as septic shock.

7

failure of the electron transport chain, impairments in oxygen
consumption, and hyperlactataemia.11,13

Sepsis is one of the most difficult conditions to treat, and recent
8

Haemostasis and myocardial function also become aberrant during

epidemiological studies suggest that its incidence is increasing. As

the septic response. Increased production of tissue factor from

populations age across the globe, and cumulative comorbidities

endothelial cells activates the coagulation cascade on a systemic scale,

continue to rise, there is a growing imperative to protect higher-risk

resulting in blood clots throughout the circulatory system.14,15,16

strata

of

Circulation of inflammatory cytokines, namely IL-β and TNF-α, has

pharmacologically active nutrients, otherwise referred to as

with

better

therapeutic

interventions.

The

use

been associated with impairment in cardiac contractility, which can

‘pharmaconutrients’, can enhance both immune and inflammatory

lead

responses in critical illness. Accordingly, pharmaconutrition represents

cardiovascular derangements that occur in sepsis ultimately lead to

a novel therapeutic avenue for enhancing sepsis care. This review will

organ hypoperfusion and lactic acidosis.17 The underlying circulatory

explore the pathophysiology of sepsis, the current standards of care,

and cellular metabolism dysregulation poses a profound risk of shock.

and the role of pharmaconutrition in the management of sepsis.

If left unchecked, this process can lead to refractory hypotension,

to

myocardial

depression.14

The

coagulopathy

and

disseminated coagulopathy, multiple organ failure, and death.1

Sepsis has been well documented
in the ancient works of Hippocrates
and Galen, yet this condition remains
the Achilles heel of most healthcare
settings.

Current standard of care
The Surviving Sepsis Campaign has established evidence-based sepsis
guidelines that focus on early recognition and initiation of sepsis
treatment in order to impede the natural progression of sepsis and its
deleterious effects. The fundamental approach to treating sepsis and

Pathophysiology

septic shock is three pronged, and includes the initiation of

When an infectious agent invades the body, the host defends itself by

intravenous fluids and vasopressors, broad-spectrum antibiotics, and

mounting an inflammatory immune response. Pathogen-associated

surgical source control.1 The current sepsis approach has been critiqued

molecular patterns (which are conserved microbial motifs) and

because it has led to a zealous overuse of antibiotics, especially because

damage-associated molecular patterns (which originate from both

only 40% of patients initially treated for sepsis have a low post hoc

pathogens and the host in response to injury) activate cells of the

probability of bacterial infection.18 Consequently, these patients are not

innate immune system.7 If an infection exceeds local tissue

benefitting from antibiotic exposure, and conversely face a greater risk

containment, a widespread systemic immune response is initiated,

for C. difficile infection, acute kidney injury, and antibiotic resistance

primarily driven by excessive release of proinflammatory cytokines

following the use of antibiotics.18 Given that current guidelines rely

including TNFα, IL-1, and IL-6. This cytokine storm triggers numerous

exclusively on antibiotics as a mainstay treatment, and sepsis-related

cellular responses, including activation of the complement system

morbidity and mortality remains high, it is important that we

and the coagulation system, as well as recruitment of leukocytes to

continually reassess current management guidelines and amend them

sites of infection.7,9

accordingly. Perhaps most difficult to target is the exaggerated

Unlike most inflammatory processes that are tightly regulated in the

inflammatory response, which leads to a rapid deterioration in most

body, sepsis is a state of profound dysregulation of physiologic

septic patients.1 Despite a myriad of research efforts, an effective

responses that can result in organ dysfunction. Excessive activity of

strategy that mitigates the effects of this hyperinflammatory state has

inflammatory mediators at the endothelial cell barrier can increase

not yet been identified.1 However, one potential mechanism to reduce

permeability, and lead to widespread vasodilation across all

the exaggerated host response involves the administration of

components of the microvasculature.

10

Moreover, widespread

immunomodulatory pharmaconutrients. Current protocols for the

inflammation can also trigger the release of reactive oxygen species

treatment of sepsis are predominantly reactive in nature: treating the

and free radicals that have the capacity to damage proteins, lipids,

offending infection and restoring the circulatory and metabolic

DNA, and endothelial cells.

11

Importantly, the mitochondrion, a

imbalance precipitated during the septic response. However, many

cellular organelle that is highly expressed in the kidneys, heart, and

current sepsis treatments fail to address the underlying pathology of

12

brain, is highly susceptible to oxidant injury. Mitochondrial damage

the inflammatory response. Arguably, this is why sepsis-related

is considered a primary feature of the septic response, and can lead to

morbidity and mortality remain high despite current treatment efforts.
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Research has demonstrated that critically ill septic patients exhibit low

also have the ability to lower biomarkers associated with sepsis

levels of many vital nutrients, in part because the systemic

mortality. Elevated levels of cell-free DNA and mitochondrial DNA,

inflammatory response causes oxidative stress that consumes these

which are released from damaged mitochondria, have been

nutrients.

1

sepsis,

correlated with an increased risk of mortality in septic patients, and

pharmaconutrition aims to replenish nutrients that have specific

As

a

potential

adjunctive

therapy

for

serve as important biomarkers in the intensive care unit (ICU)

antioxidant or anti-inflammatory effects. This may reduce the

setting.20,24 Interestingly, a recent randomised controlled trial (RCT)

dysregulated inflammatory response, and subsequently improve

demonstrated that levels of cell-free and mitochondrial DNA were

clinical outcomes. To date, vitamin C, melatonin, and omega-3 (ω-3)

reduced in a dose-dependent manner following vitamin C therapy.25

fatty acids have been highlighted as three promising adjunctive

Although the aetiology is not entirely known, Sawyer et al.

pharmaconutrient therapies in the management of sepsis and septic

demonstrated that patients with acute respiratory distress syndrome

shock.

(ARDS), a common indicator of the progression of sepsis, exhibited a
50% reduction in mortality following IV ascorbic acid infusion.26 While

As a potential adjunctive therapy
for sepsis, pharmaconutrition
aims to replenish nutrients that
have specific antioxidant or
anti-inflammatory effects.

the research is still at a preliminary stage and the underlying
mechanisms are not yet fully known, vitamin C shows promise as an
adjunctive therapy in the treatment of sepsis.

Melatonin
Melatonin has also become increasingly recognised for its antioxidant

Novel therapies

and anti-inflammatory role in sepsis. Similar to vitamin C, melatonin

Vitamin C

levels are substantially reduced among critically ill septic

While many vitamins have well-established antioxidant properties,

patients.11,27,28 Novel treatments such as melatonin treat the oxidative

vitamin C has the most clinical efficacy in the treatment of sepsis.1,5 In

imbalance and mitochondrial dysfunction common in septic patients,

contrast to normal vitamin C levels, which range from 50-70μmol/L,

which can result in multiorgan failure and death if untreated.11

a range of 11-23μmol/L of vitamin C has been documented in septic

Melatonin is a hormone secreted by the pineal gland that regulates

patients.1,19 An association between low vitamin C levels and

the circadian rhythm, and scavenges reactive oxygen species that

increased inflammation, organ failure, and mortality has been well

could otherwise damage cells, including endothelial cells. Melatonin

20

documented in the works of Teng et al.

also stimulates the synthesis of glutathione peroxidase, a potent

Vitamin C is a water-soluble micronutrient that forms ascorbate in

antioxidant that catalyses the reduction of free radicals, and

cells and is commonly found in plants. It acts as a potent antioxidant

facilitates their conversion to less harmful substances.11,12 Notably,

that readily donates electrons to neutralise free radicals such as

melatonin’s scavenging capacity enables it to stabilise the

nicotinamide adenine dinucleotide oxidase (NOX). NOX is a free

mitochondrial membrane potential. Studies have demonstrated that

radical-generating enzyme that is activated in sepsis and produces

a high concentration of melatonin and its metabolites is taken up by

superoxide and peroxynitrite, which promote endothelial cell barrier

mitochondria, where they subsequently impair the action of

permeability. Increased endothelial permeability leads to profound

inducible nitric oxide synthase.11 This inhibition leads to a decrease

hypotension, a key component in the pathophysiology of septic

in the production of nitric oxide free radicals, which mediate

shock.

20

Vitamin C inhibits the activation of NOX, and directly

neutralises

the

free

radicals

it

produces:

superoxide

mitochondrial damage.11 Infusions of melatonin have also been

and

shown to stabilise mitochondrial membrane potentials in murine

peroxynitrite.21 In addition, vitamin C also reduces systemic

models by reducing the activity of pro-apoptotic cascades and

inflammation through the inhibition of nuclear factor kappa-B

subsequent endoplasmic reticulum (ER) stress.16 Moreover, in

(NF-kB), a family of transcription factors that promotes the

murine sepsis models, the production of TNF-α and IL-6 was

20,22

production of inflammatory mediators.

reduced following melatonin administration.27 Although the exact

Many clinical trials have examined the efficacy of vitamin C as an

underlying mechanism remains unknown, these results suggest that

adjuvant therapy in sepsis. Intravenous vitamin C monotherapy has

melatonin can switch off the production of anti-inflammatory

been shown to reduce inflammatory markers, endothelial cell injury,

cytokines, which are known to potentiate the inflammatory septic

and organ dysfunction in septic patients.23 Notably, vitamin C may

response.27
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A recent meta-analysis revealed that melatonin administration also

demonstrated that adjunctive therapy with ω-3 PUFAs not only

decreased the levels of C-reactive protein (CRP), an indicator of

reduced the average length of stay in the ICU, but also reduced the

inflammation, and substantially reduced the occurrence of septic

duration of mechanical ventilation.35 Most recently, a systematic

shock and multi-organ failure in neonates with sepsis.28,29,30 When

review of 24 RCTs where ω-3 fatty acids were administered to septic

used as an adjuvant therapy in adult septic patients, melatonin

patients revealed a significant reduction in 28-day mortality, ICU

reportedly reduced the levels of CRP and other pro-inflammatory

length of stay, and duration of mechanical ventilation. However,

Notably,

these results were only shown in patients with ARDS.36 Mortality

another recent clinical trial demonstrated that infusions with 60mg/d

measures have also been unaffected by melatonin therapy.36 In fact,

melatonin reduced mortality of septic patients to zero, and reduced

researchers

length of hospital stays by 40%.32 Collectively, these findings support

supplements, as the upper limit of confidence revealed some

the hypothesis that melatonin may be an effective adjunctive therapy

potential for harm.35 Ultimately, due to the paucity of clinical

in the treatment of sepsis.

evidence supporting the clinical utility of ω-3 PUFAs, this

mediators when compared to standard care in an RCT.

31

advised

against

routine

administration

of

ω-3

pharmaconutrient is not recommended as an adjuvant in sepsis

Omega 3 fatty acids

care.37

In addition to vitamin C and melatonin, ω-3 polyunsaturated fatty
acids (ω-3 PUFAs) including eicosapentaenoic acid (EPA) and

Conclusion

docosahexaenoic acid (DHA), have been proposed as potential

While advances have been made in the treatment of sepsis, it

pharmaconutrient adjuvant therapies for the treatment of sepsis. In

continues to account for a disproportionate burden of disease across

animal studies, ω-3 PUFAs have been shown to attenuate

the globe and engenders catastrophic outcomes, including death,

inflammation by suppressing the production of pro-inflammatory

for most of its sufferers.3,5 Since many critically ill patients lack the

33

cytokines by macrophages, and the function of lymphocytes.

capacity to produce enough endogenous nutrients, and the septic

Moreover, ω-3 PUFAs have modulatory effects on the activity of NF-kB

response consumes many essential nutrients at an extortionate rate,

and peroxisome proliferator-activated gamma receptors, both of

patients must rely on dietary sources to replenish their supplies.

34

which are central components of systemic inflammation.

Animal

Therefore, there is potential in utilising pharmaconutrients as

studies have also shown that administration of dietary fatty acids

adjuvants in sepsis care. While the clinical utility of many nutritional

reduces the level of reactive oxygen species, including superoxide and

supplements has biological plausibility, vitamin C and melatonin

33

hydrogen peroxide.

Overall, the preclinical data suggests that fatty

have been extensively researched and possess the most evidential

acids could serve as effective pharmaconutrients in the management

backing for integration into current sepsis care. Ultimately,

of sepsis.

pharmaconutrients are essential for all metabolic and bodily

A meta-analysis of 17 RCTs involving ω-3 supplementation in

functions, and may potentially be useful adjuvants in the

critically ill adult patients diagnosed with sepsis or septic shock

management of sepsis.
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Aducanumab: the high costs
of false hope

Abstract
As our collective biomedical knowledge increases, we find ourselves increasingly reliant on the
expert consensus of medical specialists in judging the thousands of new medical advancements
made each year. We trust that our medical and pharmaceutical regulators will enlist those
experts most qualified to judge the efficacy of increasingly complex medical therapies and
render appropriate judgement in turn. We similarly trust that the interests and motivations of
the medical community and regulators are aligned – in that both should want to protect
patients from potentially harmful therapies. The recent United States Food and Drug
Administration (FDA) approval of aducanumab (trade name: Aduhelm) serves as a reminder
that these assumptions should not go unchallenged. Hailed initially as a breakthrough
treatment for Alzheimer’s disease, subsequent randomised controlled trials of aducanumab
disappointed all parties involved when they failed to clearly demonstrate clinical efficacy.
Despite this, Biogen (aducanumab’s developer) was ultimately still able to bring the drug to
market in the United States. Thanks to an increasingly complex and layered drug approval
process, there are now avenues by which pharmaceuticals may be brought to market while
Kalle Amolins
RCSI medical student

clinical efficacy is either still in question or altogether lacking. Crucially, it is not clear whether
the regulators we trust are making sincere efforts to safeguard patients against their misuse.
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 76-84.
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FIGURE 1: The amyloid β pathway.
Adapted from Makin et al.9

Introduction
Dementia is a clinical condition characterised by progressive decline

hypothesis has been the most widely investigated explanation of the

in cognitive function and impairment of independent living.

pathogenesis of AD.9 Encoded by the APP gene on chromosome 21,

Dementia is increasing in prevalence globally, particularly burdening

the Aβ precursor protein (APP) normally functions as a cell surface

both caregivers and healthcare systems.1,2 Although it has various

receptor, which regulates several physiologic neuronal functions.10 As

aetiologies, Alzheimer’s disease (AD) is the most common pathology

part of its normal metabolism (Figure 1), APP is degraded by

3,4

underlying dementia in ageing populations.

Despite its prevalence,

γ-secretase and β-secretase enzymes, releasing Aβ into the extracellular

therapeutic options for the treatment of AD have long been limited –

space, where it subsequently promotes hyperphosphorylation of

the most recent approval by the United States Food and Drug

cytosolic tau proteins.9 These two changes – accumulation of Aβ

Administration (FDA) of a drug indicated for AD treatment dates back

plaques and neurofibrillary tau tangles (Figures 2-5) – are together

5

to 2003. That is, until June of 2021, when the FDA granted approval

the histopathologic hallmarks of AD, which are thought to be

to aducanumab (Aduhelm), a human monoclonal antibody (mAb)

responsible for the long-term neuroinflammation, neuronal death, and

directed against aggregates of amyloid β (Aβ).6,7 Controversially, FDA

cognitive decline that are characteristic of AD.9,11

approval was made via a unique drug approval pathway, known as
Accelerated

Approval

(AA),

which

ultimately

allowed

for

aducanumab’s approval without a convincing demonstration of
clinical efficacy.8

Over the previous 25 years, the Aβ
molecule and the amyloid hypothesis has
been the most widely investigated
explanation of the pathogenesis of AD.

Alzheimer’s disease
Over the previous 25 years, the Aβ molecule and the amyloid

AD is currently diagnosed clinically, wherein a history of selective
Volume 15: Number 1. 2022 | Page 77
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FIGURE 2: Amyloid β plaques, silver stain. Adapted from WebPath.58

FIGURE 3: Amyloid β plaques, Congo red stain (cerebral artery in upper right). Adapted
from WebPath.59

FIGURE 4: Neurofibrillary tangles, filaments of hyperphosphorylated tau. Adapted from

FIGURE 5: Neurofibrillary tangles, silver stain. Adapted from WebPath.61

60

WebPath.

memory impairment, often communicated by a partner or carer, is

therapies had been approved by the FDA as treatments for AD:

the most common initial presentation.3,12 A number of validated

cholinesterase inhibitors (donepezil, rivastigmine, galantamine, and

biomarkers for AD also exist (e.g., Aβ PET scans), but none are yet

tacrine); and, memantine (an N-methyl-D-aspartate [NMDA] receptor

recommended as part of routine diagnostics.13 Once other

antagonist).16 Cholinesterase inhibitors provide symptomatic relief to

differentials for cognitive impairment have been excluded, dementia

some AD patients and memantine may slow the progression of AD,

due to AD may be staged using a tool such as the Clinical Dementia

although this latter effect is modest at best.5,17 Notably, none of these

12,14

Rating Scale Sum of Boxes (CDR-SB) score.

The CDR-SB measures

approved therapeutics are thought to directly alter activity of any

cognition across six domains and assigns higher scores on the basis of

component of the Aβ pathway.5 In fact, historic attempts to directly

more severe cognitive impairment.14 The CDR-SB is used both

target the Aβ pathway (e.g., γ-secretase and β-secretase inhibitors)

clinically and in research settings and, importantly, has relatively

have consistently failed to yield clinical benefits.18 Aducanumab,

robust inter-rater reliability.15

meanwhile, is an IgG mAb, which was found to have high reactivity
against Aβ via screening of human memory B cell libraries.7 When

Although it has various aetiologies,
Alzheimer’s disease (AD) is the most
common pathology underlying dementia
in ageing populations.

used as immunotherapies, mAbs bind to extracellular or cell surface
targets and induce an innate and/or adaptive immune response,
ultimately leading to destruction of the mAb-specific target.19
Following from the amyloid hypothesis, it has been proposed that
degrading deposits of Aβ in this manner might attenuate, or reverse,

Aducanumab

the progression of AD – something that no drug approved to date has

Prior to aducanumab’s approval, only two groups of pharmacologic

been able to do.7
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Seeking

to

address

the

lack

of

disease-modifying

AD

22% relative reduction reflects an absolute difference in CDR-SB of

pharmacotherapies, the American multinational Biogen Inc. initiated

0.39 – short of the minimum clinically significant change in CDR-SB,

its phase I investigations of aducanumab in 2011.20-22 In one of the

historically set at 1-2 on the CDR-SB’s 0-18 scale.29 Meanwhile, the

initial studies (PRIME-NCT01677572), patients with mild AD were

addition of 139 ENGAGE participants yielded no statistically

administered monthly infusions of aducanumab at doses of 1, 3, 6, or

significant changes in CDR-SB in either of the trial’s aducanumab

23

10mg/kg for one year. Although not primary endpoints of the study,

groups.30 However, because aducanumab was approved via the AA

measures related to Aβ degradation and cognitive impairment were

pathway, the FDA was able to grant market approval in spite of early

promising. The 10mg/kg dose reduced cerebral deposits of Aβ (as

trial discontinuation, discordant results between post hoc analyses,

measured by Aβ PET scans) from a baseline intensity of 1.44 to 1.16

and a lack of clinically significant outcomes.6

after 54 weeks (the cut-off for a negative scan, indicating “normal”
levels of Aβ, is 1.10).7,24 Conversely, while CDR-SB scores in the

Accelerated Approval

placebo group increased by 1.87 (± 0.41), the 10mg/kg dose group

AA was one of three new drug approval designations, along with Fast

increased by only 0.63 (± 0.47) – seemingly suggesting that

Track and Priority Review, created by the United States Congress

aducanumab had attenuated the progression of dementia symptoms.

between 1992 and 1997 to address the “drug lag” – delayed

Results of the PRIME trial generated considerable excitement within

approval of beneficial therapies – highlighted by the emerging

the AD research community, such that one month following their

HIV/AIDS epidemic.8,31-33 Zalcitabine, stavudine, and lamivudine, for

publication, Biogen was granted Fast Track approval from the FDA,

instance, are all nucleoside reverse transcriptase inhibitors (NRTIs)

enabling faster data review by the FDA, as well as potential eligibility

that were approved for treatment of HIV/AIDS via AA shortly after its

for subsequent AA.

25

inception.34 In order to expedite drug approvals, AA allows for

It is unfortunate that despite the promise of the PRIME study, two

market approval based on study endpoints that are not direct

subsequent

2015

measures of clinical efficacy, provided that the drug both fills an

(ENGAGE-NCT02477800 and EMERGE-NCT02484547) failed to

unmet medical need, and has a significant effect on either a

replicate aducanumab’s presumed cognitive benefits. In March of

surrogate endpoint or an intermediate clinical endpoint.8 As defined

2019, after having analysed 18 months of follow-up data from 725

by the FDA, a surrogate endpoint is “a laboratory measurement,

ENGAGE and 803 EMERGE participants, an independent review

radiographic image, physical sign or other measure that is thought

committee determined that primary endpoints (change from baseline

to predict clinical benefit, but is not itself a measure of clinical

in CDR-SB scores) were unlikely to be met, ultimately forcing

benefit”.8 In aducanumab’s case, Aβ PET scans were used as

parallel

phase

discontinuation of both trials.

3

studies

initiated

in

26,27

surrogate endpoints, presuming that a reduction in Aβ PET scan
intensity would predict attenuation of AD dementia symptoms.6

Prior to aducanumab’s approval, only
two groups of pharmacologic therapies
had been approved by the FDA as
treatments for AD: cholinesterase
inhibitors (donepezil, rivastigmine,
galantamine, and tacrine), and
memantine (an N-methyl-D-aspartate
[NMDA] receptor antagonist).
Despite this, Biogen continued analysing data collected to date and,
in July of 2020, submitted reinterpreted phase 3 results to the
FDA.25,28 Following new post hoc analysis and the addition of 179

Phase 4 studies, which are normally used as post-market surveillance
for safety in approved drugs, are also used to establish efficacy of
drugs as part of the AA pathway.8

AA was one of three new drug approval
designations, along with Fast Track and
Priority Review, created by the United
States Congress between 1992 and 1997
to address the “drug lag” – delayed
approval of beneficial therapies –
highlighted by the emerging HIV/AIDS
epidemic.

EMERGE participants, it appeared that that trial’s high-dose
aducanumab group had achieved a statistically significant 22%

As the potential approval of non-efficacious drugs is an inherent risk

relative reduction in CDR-SB. Notable, however, is the fact that this

of AA, it should be hoped that phase 4 verification would generally
Volume 15: Number 1. 2022 | Page 79
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follow expeditiously, with non-efficacious drugs being removed from

Aducanumab – the Accelerated Approval saga

the market promptly. Unfortunately, this is rarely the case, as was

As evidence currently stands, there is little controversy with respect to

highlighted by a recent review of all 253 drugs approved via AA

aducanumab’s clinical efficacy – none has yet been convincingly

35

between 1992 and 2020. Strikingly, of the 253 drugs approved over

demonstrated. The most statistically significant outcome of phase 3

this period, it was found that only 125 had been verified as efficacious

trials was clinically insignificant according to established metrics.29,35

35

by a post-approval phase 4 study.

Meanwhile, 16 drugs had been

removed from the market following negative phase 4 studies.

35

Controversial, however, has been the FDA’s decision to accept Aβ PET

The

scans as a surrogate marker for predicting clinical benefit in AD

remaining 112 drugs had been granted market approval via AA, but

patients.18,29,42 Despite the longstanding research history of the

were still awaiting completion of a confirmatory phase 4 study.35

amyloid hypothesis, clinical evidence that links Aβ plaque levels to

While the FDA has the discretionary authority to sanction companies

cognitive impairment is as yet non-definitive.43 This issue was raised

that fail to complete confirmatory phase 4 studies within an

by the FDA’s Peripheral and Central Nervous System Drugs Advisory

agreed-upon timeframe, it is not obligated to do so, and indeed often

Committee (Adcomm) – an independent review panel composed of

opts not to.36 Likely owing at least in part to this non-enforcement,

subject matter experts.44 Although non binding, the Adcomm reviews

the majority of drugs approved via AA either lacked clinical efficacy,

the quality of evidence provided by clinical trials and ultimately

or had yet to be demonstrated as clinically efficacious as of 2020.35

recommends either approval or non-approval to the FDA.44 On

Perhaps more concerning, however, was the fact that of the 112

reviewing data from the EMERGE and ENGAGE trials, 10 of 11

non-efficacious, non-validated drugs, 24 had been on the market for

members voted that “there was insufficient evidence to demonstrate

five or more years post AA.35

that aducanumab slows cognitive decline,” with the 11th voting

Celecoxib, for instance, is a selective COX-2 inhibitor produced by

member indicating that they were “uncertain”.42 Interestingly, the

Pfizer and widely used for the symptomatic treatment of various

Adcomm was specifically told by FDA administrators prior to meeting

37

arthritic conditions.

In 1999, celecoxib was also granted AA for use

as a treatment of familial adenomatous polyposis (FAP).

38

that aducanumab was not being considered for AA, ostensibly

While

minimising any need for discussion of Aβ’s efficacy as a surrogate

celecoxib (as a treatment for FAP) was one of the 16 drugs ultimately

marker for AD.45 Following aducanumab’s subsequent approval under

withdrawn from market by the FDA post AA, in its case because Pfizer

the AA pathway, three of the panel’s members resigned in protest.46

did not complete phase 4 confirmatory studies, this indication was

Dr Aaron Kesselheim, Director of Pharmacoepidemiology and

38

not withdrawn until 2012, 12 years post AA.

More egregious is the

Pharmacoeconomics at Harvard Medical School and Brigham &

case of midodrine hydrochloride. Granted AA for use as a treatment

Women’s Hospital, highlighted the above in his resignation letter,

of orthostatic hypotension in 1996, midodrine has never had phase 4

noting that the clinical value of reducing Aβ’s levels is “debatable,”

trials conducted, has had meta-analyses discounting its efficacy, and

ultimately describing the approval itself as “probably the worst drug

is still on the market today, 27 years post AA.39-41 Midodrine has in fact

approval decision in recent US history”.47 Dr David Knopman, clinical

been on the market so long that generic versions, with equally

neurologist at the Mayo Clinic, who has also since resigned, wrote in

dubious efficacy, are now available.

35

Ironically, midodrine’s market

an email to FDA administrators that: “The whole saga of the approval

position became so entrenched that when, in 2010, the FDA briefly

of aducanumab … made a mockery of the [advisory] committee’s

considered withdrawing its AA designation, patient complaints

consultative process. While I realise that the committee is advisory,

ultimately forced the FDA to back down.35

the approval of aducanumab appears [to] have been foreordained”.48
Following these resignations, the Office of the Inspector General of

While celecoxib (as a treatment for FAP)
was one of the 16 drugs ultimately
withdrawn from market by the FDA post
AA, in its case because Pfizer did not
complete phase 4 confirmatory studies,
this indication was not withdrawn until
2012, 12 years post AA.
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the United States Department of Health and Human Services initiated
a review of the FDA’s use of the AA pathway in aducanumab’s
approval, which is expected to be completed in 2023.49

As evidence currently stands, there is
little controversy with respect to
aducanumab’s clinical efficacy – none has
yet been convincingly demonstrated.

RCSIsmj staff review
Discussion
Despite

is a market worth up to US$347 billion/year.55,56 It is worth noting,
have

however, that the Institute for Clinical and Economic Review (ICER)

welcomed the first approval of an AD pharmacotherapy in nearly 20

recently recommended that aducanumab’s US$56,000 price tag

50

years.

aducanumab’s

deficiencies,

some

proponents

Dr Marwan Sabbagh, Director of the Cleveland Clinic Lou

should be reduced by 85-95% in order to be considered cost-effective

Ruvo Center for Brain Health, and an aducanumab investigator, notes

in light of the results of the EMERGE and ENGAGE trials.57

that the first approval in a novel category of therapeutic often spurs

Aducanumab’s approval ultimately presents a complex question – do

additional research and development.

51

He also suggests that

the potential benefits to AD patients outweigh the external costs

aducanumab’s use in clinical practice will encourage increased use of

associated with its approval? Answering this question requires, first

AD biomarkers in the diagnostic process, ultimately improving

and foremost, validation of aducanumab’s clinical effects. As such,

diagnostic certainty.51 Somewhat surprisingly, the Alzheimer’s

Biogen should be encouraged to conduct its confirmatory phase 4

Foundation of America and the Alzheimer Society of Canada have

trials in a timely and scientifically rigorous manner. Conversely, the

both praised the approval, while simultaneously noting the need for

scale may be tipped in favour of benefit by minimising the costs

patient access, affordability, and confirmatory trials to verify safety

associated with aducanumab’s approval. As such, aducanumab’s retail

52,53

and efficacy.

Despite these warm reviews, there are important

price

should

be

reduced

in

accordance

with

the

ICER’s

external costs to consider, both within the AD research space, and as

recommendations. Secondly, standards for surrogate markers used in

part of the broader drug approval landscape in the United States.

the AA process should be improved to prevent the recurrence of

In light of aducanumab’s AA, critics have suggested that

similar controversies. Thirdly, jurisdictions beyond the United States

contemporary usage of the AA pathway has shifted away from its

should not approve aducanumab without positive phase 4 results or

ostensible purpose of delivering beneficial therapies to patient

their own studies establishing clinical efficacy. Finally, clinicians

populations in need ahead of schedule, and instead towards a

prescribing aducanumab should be aware of its currently dubious

pathway that simply allows for approval of drugs using lower

efficacy and communicate this clearly to patients and families.

standards of evidence.

35

In the wake of aducanumab’s approval, Eli

Lilly, Roche and Eisai have also announced their intentions to seek AA
for their own anti-Aβ mAbs.

43

Given the manner in which

aducanumab was approved, none of these developers will have to
demonstrate any clinically significant attenuation of AD dementia
symptoms in order to gain market access – modification of the Aβ

Aducanumab’s approval ultimately
presents a complex question – do the
potential benefits to AD patients
outweigh the external costs associated
with its approval?

biomarker will suffice. Underscoring this point is a letter from Biogen
to its investors following aducanumab’s AA. While describing the
approval

as

a

“transformational

breakthrough,”

the

letter

simultaneously noted that their clinical trial data was at best only
54

“reasonably likely to predict clinical benefit”.

Conclusion
Aducanumab is the first AD pharmacotherapy approved in the United
States in almost two decades, and the first that claims to be a
“disease-modifying” AD therapy. This claim has yet to be truly tested,

Despite aducanumab’s deficiencies, some
proponents have welcomed the first
approval of an AD pharmacotherapy in
nearly 20 years.

and aducanumab was ultimately brought to market on potential
alone with no clear demonstration of clinical efficacy. Aducanumab’s
efficacy notwithstanding, its approval has drawn attention to
regulatory oversights that should be addressed for the benefit of
researchers, clinicians, and patients alike. Ultimately, whether the

The FDA has allowed Biogen nine years to conduct its phase 4 trial

potential benefits of approving aducanumab outweigh the

confirming aducanumab’s clinical efficacy – although, if history is any

consequences of approving a potentially non-efficacious therapeutic

indication, failure to do so is not liable to result in its withdrawal from

remains an open question.

market.

18,35,43

In the interim, whether aducanumab is clinically

efficacious or not, Biogen is hopeful of a financial windfall. Given the
estimated 6.2 million Americans who currently live with AD, and
Biogen’s initial asking price of US$56,000/year for aducanumab, this
Volume 15: Number 1. 2022 | Page 81
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Left out and alone: selection
bias in kidney transplantation

Abstract
Living donor nephrectomy has represented the majority of kidney transplantation cases since
the emergence of laparoscopy in the early 1990s. Despite drastic improvements in technology,
pharmacology, and surgical outcomes for both recipient and donor, practice prefers left kidney
harvest over right. This decision reflects an anatomical preference established in the cadaver
donor population that is now applied to the living in explicit guidelines by the United Organ
Sharing Network (UNOS). While there is a strong consensus to leave the stronger kidney for the
donor, surgical practice still maintains the opposite: harvesting the left for a more expedient
procedure for the surgeon, donor, and recipient. However, data collected by UNOS reflects a
different story than the guidelines suggest: that the faster and safer procedure for the recipient
and donor is actually the right nephrectomy. This choice suggests that ritual is dictating clinical
decisions and not results. As UNOS is the main data collection agency, as well as the waiting
list manager, organ procurer, and guideline publisher, there is a closed data loop, with historical
preference remaining unchanged and unchallenged. Additionally, the absence of investigations
Allison Grover
RCSI medical student

within the donor population to understand health outcomes as a result of this selection bias, or
the procedure in general, is concerning and must be addressed.
Royal College of Surgeons in Ireland Student Medical Journal 2022; 1: 85-88.
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Introduction

gestational hypertension.2,10 Ultimately, there is a significant increase

Living donor kidney transplantation represents about 30,000
1

procedures annually, worldwide. Donors typically know the intended
2

in mortality in the donor cohort from 15 years onward.11 With all of
these risks articulated, the issue of informed consent is brought to the

recipient, making the donation more in line with a gift. With the

foreground. On review, there are no national or standardised consent

emergence of laparoscopic live donation in the early 1990s, there were

procedures among transplant centres, and there is a wide variation in

suddenly two patients’ health to consider rather than one. This shift

both physical and psychological risks reported.14

marks a great departure from the origins of kidney transplantation,
which was accomplished via a deceased donor and an open surgical
field. Significant improvements in immunosuppressive therapies,
refinement of technique, and integration of technology have

In both cadaver and live donations there
is a preference for harvest of the left
kidney.

collectively significantly improved recipient outcomes; however, there
has been little change in kidney selection.3,4 Curiously, there has always

Origins of left versus right harvest

been a strong preference for the left kidney over the right. In some

Considering all of the risks to the donor, it becomes all the more

institutions, this choice has resulted in extreme selection bias. This

critical to harvest an organ that not only benefits the recipient but

consistent choice for left kidney over right warrants an explanation as

also leaves the donor with good long-term outcomes. Ultimately, this

to whose benefit is in mind when this decision is made: the donor’s,

may require a revision of the left over right kidney harvesting

the recipient’s, or the surgeon’s.

protocol. The preference for left over right kidney harvest was most
notably articulated just prior to the emergence of laparoscopy in

History of kidney harvest

1995. A set of guidelines published in 1992 largely guides procedural

In both cadaver and live donations there is a preference for harvest of

practices even today. The United Network of Organ Sharing (UNOS)

the left kidney. Compared to its left counterpart, “the right kidney is

is a US non-profit organisation that manages the transplantation

about 10-40mm shorter and has less volume (on average) than the

waiting list, transplantation data, recipient fitness, recipient donor

left kidney in the same person”.5 This size difference means that there

matching, and monitoring of transplant outcomes. UNOS guidelines

is a larger area to operate on, in theory making the left kidney an

not only inform practice, but also reflect it, insofar as the UNOS

easier organ to excise in a surgical setting.6,7 Additionally, there is a

database is the source of data for most retrospective studies. In 1992,

longer renal vein on the left kidney, which would translate to a shorter

the UNOS guidelines suggested that there was a difference between

procedural time for the surgeon reconstructing the renal vein in the

left and right kidney transplant outcomes: right kidney transplants

recipient.8 Decreased surgical time also benefits the recipient, as a

had more adverse outcomes, including increased delayed graft

shorter operation equates to a safer surgical procedure.

failure, and risk of thrombosis. The guidelines also attributed

With every surgical procedure, there are associated risks apart from

significantly better outcomes to left kidney donation at the

anaesthesia. In kidney transplantation, the risks to the recipient

three-month post-donation interval.3,15-17 These recommendations

include graft rejection at multiple time frames, graft versus host

were a reflection of cadaver donation and open surgery, which were

disease, and risks associated with the immunosuppressive therapies

replaced by live donation three years later. However, the conclusions

that prevent the aforementioned conditions. Interestingly, for the

established in this report have justified the prioritisation of left over

donor, these risks are not as clearly articulated in the literature, owing

right kidney harvest long after the establishment of live kidney

to the fact that post-procedure donor health outcomes were not

donation.

initially tracked with the same rigour.

9-11

Risks to the donor include

chronic fatigue, and a significant decline in the renin-angiotensin

Impact of live donors on harvest preferences

system, with the latter potentially explaining the increased incidence

When Ratner et al. established that living donation was possible and

of cardiovascular death within the donor population.11,12 There are

safe

via

laparoscopic

technique,

it

18,19

revolutionised

kidney

also kidney-specific adverse effects including reduced haemoglobin,

transplantations as well as donations.

increased uric acid, and an eight-fold increase in end-stage renal

this new technique and technology were integrated into standard

disease, even if the absolute risk is still ultimately less than 1%.1,2,9,10,13

surgical practice.3,20 Living tissue donation improved recipient

In the female donor population, which constitutes the majority of

outcomes,3,4 simultaneously “reducing donor morbidity rates and

donors, there is a two- to four-fold increased risk of pre-eclampsia or

provid[ing] a shorter healing period” for donors.19 The statement on
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morbidity of donors seems ironic, as the prior standard was a lack of

decisions on. The guiding body both collects the data based on this

mortality. While there was still a preference for left over right kidney

left-only focus, then recommends procedures based on that biased

harvest during this period, with cadaver donation it was relatively

data.

more evenly split between left and right harvest.

What is fascinating about the data, is that it actually suggests the

However, since the 1992 publication of the UNOS guidelines, there

opposite of what UNOS suggests: the faster procedure with fewer

has been an almost 50% decrease in the proportion of right

complications may actually be the right harvest, not the left. In 2009,

nephrectomies. Notably, the 2006 data suggest that right

Sawatzky et al. published data that challenged the UNOS findings,

laparoscopic donor nephrectomy represented only 10.5% of all

reporting that despite the surgeons’ experience and preference with

laparoscopic cases.

21

This over-selection is further reflected in

the left, operating time was actually shorter in right kidney

transplant centre retrospective study data.8,20,22 In one extreme

donations.27 This finding may challenge the notion that increased

example, Leventhal et al. reported a 99:1 preference in left over right

efficiency results from increased experience, or simply may be a

23

kidney harvest in 1,200 procedures over a six-year period. When the

reflection of it. Perhaps only the surgeons comfortable performing

UNOS database was reviewed from January 2000 to December 2009,

right nephrectomies were the ones with immense experience and

there was a preference for left to right of 86:14 in 58,999 transplant

already significantly faster operating times. A 2015 meta-analysis by

procedures within the US alone.3 This overt bias has even been called

Wang et al. found that despite left being preferred, there was actually

into question by practitioners themselves. Bachir et al. flag their

significantly less blood loss, and shorter operative time in the right

concerns as follows: “This raises the question of whether some centres

nephrectomy donation cohort. Additionally, there were increased

are discriminating against the donor by purposefully choosing the left

complications in the left donor group. While there were differences in

kidney, which is easier to retrieve. Up to 40% of kidneys have

the donor group, there were no differences in long-term function or

anatomic variations in their vasculature…It can thus be inferred that

complications in the recipient group.28

at least 10% to 15% of donors must be right-sided to minimise or
exclude the probability of selection bias. Anything lower than that is

Implications for the donor

an indication of favoured use of the left side”.24

This bias also affects the donor. While there is a strong and general
agreement to leave the stronger kidney for the donor, guidelines still

Considering all of the risks to the donor,
it becomes all the more critical to harvest
an organ that not only benefits the
recipient but also leaves the donor with
improved long-term outcomes.

leave deference and ultimate decision-making to the surgeon as to
what he/she believes is the most successful procedure.20,22,29 Success
is never clearly defined. For the surgeon, a successful procedure is
uneventful; for the recipient or the donor, a successful procedure
results in best overall health post donation. The right kidney
contributes less to total renal function (48.6%, p=0.003).27 Based on

Current practice

that data, it seems odd to leave the kidney that has less than 50% of

Current practice still seems to support the harvest of the left kidney

function for the donor. Because of the closed loop of research, the

over the right. Surgical experience dictates surgical practice, and

question as to which side would have the best post-donation

surgeons have more experience with harvesting of the left kidney.

outcomes for the altruist remains under-investigated.

Some have suggested that with harvest of the right kidney there

As living kidney donation provides greater than 50% of the available

would be increased risk of complications in both donor and recipient

organs for kidney transplant, with 30% of donations being unrelated

4

procedures due to the increased complexity for the surgeon. As

to the recipient,30 kinship can no longer justify the health risk that the

rationale for maintaining left harvest, others have cited the steep

donor population faces. Investigating their health outcomes becomes

25

learning curve on relearning the procedure on the right.

Current

all the more vital to understanding the risks associated with the

UNOS and Organ Transplant Procurement Network guidelines

procedure. This closed loop and selection bias of left over right live

suggest that the decision of left over right kidney harvest should be

donation nephrectomies must be broken so that results, not ritual,

26

left to the organ procurement organisation. If this recommendation

can guide clinical practice.

is to be followed it creates a closed loop, as surgeons have historically
prioritised left kidney harvest, and have therefore provided these

Conclusion

organisations with disproportionate data for them to base their

Despite drastic improvements in technology, pharmacology, and
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surgical outcomes for both recipient and donor, practice prefers left

more expedient procedure for the surgeon, donor, and recipient.

kidney harvest over right. This decision reflects an anatomical

However, data collected by UNOS reflects a different story than the

preference that was established in the cadaver donor population, and

guidelines suggest: that the faster and safer procedure for the

is now applied to the living in overt guidelines by UNOS. While there

recipient and donor is actually the right nephrectomy. This choice

is a strong consensus to leave the stronger kidney for the donor,

ultimately suggests that ritual is dictating clinical decisions and not

surgical practice still maintains the opposite: harvesting the left for a

results.
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The role of the health
sector in climate change
mitigation
As climate change is increasingly reframed as a health crisis, RCSI
medical student CHARLOTTE FAGER says global healthcare systems
must play their part in climate change mitigation.

Ahead of the UN General Assembly in September 2021, top medical

This is an intentional strategy, to make human beings the official face

journals, including The Lancet and The New England Journal of

of

Medicine, called on governments to bolster their efforts in the

Attention-grabbing images of polar bears floating on disintegrating

1

climate

change

in

order

to

motivate

global

action.

mitigation of climate change to protect human health. The Call for

ice floes seemingly do not have the imperative effect that drives entire

Emergency Action, published in over 200 medical and health journals

populations to change. The shift in strategy can be attributed to an

around the world, pleaded with global leaders to keep average global

emerging awareness that healthcare systems are in a unique position

temperature increases below 1.5° Celsius. The impact of climate

to drive global ambition when it comes to climate change. Healthcare

change on health and healthcare systems is becoming well known as

systems are gravely impacted by the negative effects of climate

one of the biggest threats facing humanity. Human health emerged

change, yet they themselves have significant carbon footprints,

as a leading issue at the 2021 COP26 global climate summit in

contributing an estimated 4.4% of global net emissions.3 The COP26

Glasgow, and was officially classified as a priority for the first time.2

Health Programme has therefore set forth two initiatives: to build
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FIGURE 1: Health outcomes
associated with climate change.4

climate-resilient healthcare systems; and, to develop low-carbon,

weather events.5 According to recent WHO data, nine out of ten

sustainable healthcare systems.3

people breathe in air with high levels of pollutants, and up to seven

The impact that climate change will have on human health is

million people die every year due to exposure to air pollutants.6 A

inevitable, and it is important for all industries to contribute to the

number of other health outcomes associated with climate change

global effort to lower emissions. The healthcare sector in particular is

can be seen in Figure 1 from the 2020 Lancet Countdown on health

a major contributor to the progression of climate change and must

and climate change. These include both direct effects, such as

therefore be held accountable. Though vulnerable, healthcare

exacerbations of respiratory disease, and indirect effects, such as

systems are highly adaptable, and have a key role to play in the

decreased access to healthcare due to forced migration.4 Evidence

mitigation of climate change.

has shown that rising carbon dioxide levels alter the nutritional
quality of major crops, and generally reduce the overall yield of

Climate change and health consequences

vegetables and legumes.4 This inevitably exacerbates pre-existing

With the current trajectory of climate change, substantial increases in

health inequities, and disproportionately impacts communities

morbidity and mortality are expected in the coming decades, with

already burdened with poverty and malnutrition.7 Socially vulnerable

vulnerable and lower-income communities disproportionately

populations are also more likely to be impacted by climate change.

4

impacted. Some of the most significant impacts of climate change

For example, a report released this year by the Environmental

on healthcare involve rising temperatures, air pollution, and extreme

Protection Agency revealed that Black and African American
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revealing flaws such as underfunded welfare programmes, and
unrealistic workforce demands.11 The healthcare system in Ireland
distinguished itself by using this crisis as an opportunity to advance
reforms intended to build resilience.12 For example, in 2021, 84 public
health consultant posts were created for the first time to help tackle
health inequalities that were exacerbated by the pandemic.12 This
constructive approach is particularly applicable when it comes to
climate change, as there are many climate-related crises already upon
us. Policy prioritisation, training courses on climate change for health
personnel, and better dissemination of climate change and health
data are all ways in which a health system can become more resilient.
The WHO operational framework for climate-resilient health systems
(Figure 2) includes ten pillars designed to address climate change.13
The component ‘Leadership and Governance’, for example,
encourages political leadership to collaborate with water, waste and
energy sectors to address climate-related health risks. The ‘Integrated
FIGURE 2: WHO operational framework for climate-resilient health systems.13

Risk Monitoring and Early Warning’ pillar promotes the use of early

individuals living in the United States are 40% more likely to live in

detection tools such as syndromic surveillance, which collects

areas with the highest projections for premature mortality due to

real-time health-related data to identify immediate threats that

extreme temperatures.8 It is therefore essential to create more resilient

require public health interventions. By using these tools to monitor

healthcare systems to protect the most vulnerable populations.

climate-related health risks, healthcare systems can be better
prepared to manage crises such as heat stress or increased prevalence

Building resilience in healthcare systems

of zoonotic infections.13

There is no question that climate change contributes to the global
healthcare burden. Equally important is the impact that climate

Healthcare systems as major polluters

change has on the ability of healthcare systems to provide services.

It is estimated that healthcare systems contribute up to 5% of global

This past year, torrential rain flooded a hospital in Mexico, killing 17

carbon dioxide emissions, the majority of which come from

COVID-19 patients.9 Wildfires in California diminished the air quality

higher-income countries.14 Hospitals are an estimated 2.5 times more

of hospitals already dealing with a sustained surge of smoke- and

energy intensive than other buildings, and usually run 24 hours a

heat-related cases.10 Robust and resilient healthcare systems are

day, seven days a week.2 However, the majority of emissions come

critical in the response to extreme events and climate stress.

from the manufacture, transport, use, and disposal of machines,

However, most countries don’t have a national health and climate

pharmaceuticals, and equipment.15 Burning medical waste, for

change strategy in place, and less than 50% of those that do report

example, requires a number of hazardous gases and compounds

3

high or moderate implementation. The COP26 adaptation and

such as hydrochloric acid and mercury. Hospitals’ overreliance on

resilience campaign encourages countries to develop plans to

disposable and single-use medical devices has also been exacerbated

improve climate resilience in healthcare systems by committing to

by the recent pandemic. The health sector is a central component of

better vulnerability and adaptation assessments, and by creating

most societies, and must therefore seize the opportunity to play an

health national adaptation plans (NAPs) by a stated target date.

exemplary role in mitigating climate change. Health professionals are

Resilient healthcare systems protect the health of the population in

trusted, respected and, for the most part, listened to. In this moment

otherwise unstable conditions. While it may be tempting to

of crisis, the health sector can serve as a model for reducing

de-escalate reforms during a crisis so as to direct more resources

emissions.

towards crisis management, building more resilient systems remains

Decreasing the carbon footprint of the health sector can in turn

a critical priority.

improve healthcare system resilience through innovations such as

Many healthcare systems were strained by the COVID-19 pandemic,

on-site energy generation and movement of non-essential
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Table 1: Global Green and Healthy Hospitals agenda summary.18
Agenda goal
Leadership

Intent

Action item examples

Create long-term culture change, increase hospital

• Develop system-wide green and healthy policy

worker and community engagement, promote public policy

• Advocate for disease prevention and environmental
health as core components of future health strategies

Chemicals

Improve health and safety of patients, staff, community, and
the environment by using safer chemicals

• Develop better institution-wide chemicals and materials
policies, drive society-wide demand for alternatives
• Address the use of chemicals of concern, including DEHP
and BPA

Waste

Reduce volume and toxicity of waste, implement
environmentally sound waste management and disposal options

• Implement new purchasing procedures to avoid toxic
materials, e.g., mercury, PVC
• Create waste management committees, allocate
dedicated budget for waste management

Energy

Reduce fossil fuel energy use, foster energy efficiency, with the
long-term goal of 100% renewable energy sources

• Implement energy conservation that will reduce energy
consumption by a minimum of 10% each year
• Conduct regular energy audits

Water

Reduce hospital water consumption and waste water pollution,
provide potable water for the community

• Establish a “net zero water use” framework within
the system
• Landscape grounds with drought-resistant plants

Transportation

Develop service delivery strategies that reduce climate footprint
and contributions to local pollution

• Provide healthcare in locations that are accessible to
patients, staff, and visitors, preventing unnecessary travel
• Develop telemedicine, email, and other alternatives to
face-to-face encounters between caregivers and patients

Food

Foster healthy eating habits in patients and staff, support access
to local and sustainably sourced food in the community

• Support healthier food purchase, buy locally produced
and organic produce
• Minimise and beneficially reuse food waste, compost
food waste, convert waste into biofuel

Pharmaceuticals

Reduce over-prescription, minimise inappropriate

• Prescribe small initial quantities for new prescriptions

pharmaceutical waste disposal, promote manufacturer

• Inform consumers about safe disposal methods for

take-back, prevent pharmaceutical dumping
Buildings

Incorporate green building principles and practices into the
design and construction of health facilities

unused or expired medications
• Aspire to carbon-neutral building operation, use
high-reflectance roofing and paving
• Create environments that foster inhabitant choice and
control, advance indoor air quality, lighting, and acoustical
settings that reduce stress and support health and
productivity

Purchasing

Source sustainably produced supply chain materials from socially
and environmentally responsible vendors

• Develop co-ordination between hospitals to increase
buying power for environmentally preferable purchasing
• Make sure all contacts meet socially responsible business
principles (guidelines from the Ethical Trading Initiative
and the British Medical Association)
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person-to-person appointments to telemedicine.16 The COP26

0.3% of climate change adaptation funding is currently directed to

Health Programme set a target for the entire health sector to reach

healthcare systems.19 However, investing in sustainable healthcare

net zero greenhouse emissions by 2050.

14

While this goal will have

systems can actually reduce overall costs. With resources such as

to be adjusted for each individual country, there are many countries

renewable energy to draw upon, healthcare systems may be able to

and healthcare systems that are already making great strides to

revitalise vulnerable infrastructure, and increase their capacity to

achieve this goal. The NHS in England, for example, has pledged to

protect communities from climate-related health risks.13 Overall

reach net zero emissions by 2040. The Providence hospital chain in

reductions in greenhouse gas emissions may also mitigate the

the United States has pledged to become carbon negative by 2030,

anticipated climate-related increases in morbidity and mortality,

meaning they will actually remove more carbon dioxide from the

which will in turn reduce spending in healthcare. This is an example

atmosphere than they add to it. This will be achieved through

of a co-benefit, which is defined as an additional benefit that follows

initiatives such as solar photovoltaics that produce electricity when

reductions in greenhouse gases but is unrelated to climate change.20

exposed to sunlight, and low-flow water systems.2 Moreover, many

Other co-benefits to climate change mitigation include job creation

healthcare systems have started to estimate their own contributions

and technological innovation. Importantly, a comprehensive

to climate change in order to create attainable goals to reduce

assessment of the global and regional implications of climate change

health-related emissions.

mitigation found that in all scenarios, global health co-benefits are

But how exactly can healthcare systems reduce their environmental

greater than the mitigation cost of achieving the target.20 For

footprint? Global Green and Healthy Hospitals (GGHH), an initiative

example, in China and India, the costs associated with reducing the

born out of the Paris Climate Conference in 2015, is a network of

goal for increases in temperature from 2°C to 1.5°C, estimated to be

43,000 ambitious hospitals and health centres around the world that

around 0.5-1% of global GDP, are expected to be compensated for

are committed to answering this question.17 The GGHH agenda

by health co-benefits such as the impacts of better air quality on

provides a comprehensive framework for health systems to reduce

morbidity and mortality rates.20 By investing in efforts to reduce

their emissions, while also maintaining a sustainable budget. For

global emissions now, the health sector could benefit from an overall

instance, a hospital looking to achieve “net zero water use” could

reduction in spending in the long term.

install more efficient faucets, toilets, and drought-resistant plants to
minimise water use on hospital grounds. They may also commit to
community initiatives to protect local water supplies.

16

Conclusion

In order to

Health is emerging as a priority in the climate crisis for the first time.

operate “carbon-neutral” buildings, hospitals could decrease the

The COVID-19 pandemic has revealed the consequences of

overall footprint of the building by eliminating parking lots and

vulnerability in healthcare systems, and the neglectful conditions

All of the agenda goals, including

that lead to the spread of infectious disease.21 It has also highlighted

examples of action items, are summarised in Table 1. Hospitals may

the importance of collaboration in the global health community to

join the GGHH if they commit to and endorse this agenda.

both control current crises, and to prevent future crises. The COP26

prioritising recycled materials.

16

Special Report on Climate Change and Health concludes with an

Larger commitments to healthcare resilience and

appeal to world leaders to listen to the healthcare community and to

sustainability

prescribe urgent climate action.21 Investment in direct action within

While healthcare systems are in a position to create meaningful

the health sector will reduce overall emissions and strengthen the

change by reducing their overall emissions, they cannot achieve

resilience of healthcare systems. Health professionals and students

more substantial goals in isolation. The Lancet’s Call for Emergency

should also reflect on the role they have to play in the climate crisis,

Action highlights that climate-resilient healthcare systems require

and aspire to set a positive example for patients, co-workers, family,

more substantial commitment from governments and nations at

and friends. Environmental advocacy should be integrated into

large.1 The availability of renewable energy on the power grid for use

medical curricula and be at the forefront of every health

by healthcare buildings, for example, is primarily a responsibility of

professional’s agenda to promote health and well-being. With the

the State, and requires co-operation from local residents.

development of robust resilience plans by healthcare professionals,

Funding is a major barrier to healthcare system resilience and

healthcare systems have the potential to be a driving force in climate

sustainability. According to the Lancet Countdown of 2021, only

change mitigation.
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New peri-operative
prognostic markers in
pancreatic cancer
Dr Midhun Mathew
MD, MCh surgical science and practice

Background
Despite sustained efforts in pancreatic cancer research, there have

difference (p<0.05) between the TLR values of the two groups. The

been few major improvements in the survival rates of patients with

average TLR of group B (34.55) was significantly higher than the

pancreatic cancer. One of the main aims of pancreatic cancer research

average TLR of group A (24.59). This indicates that patients with a

is to identify prognostic markers that might alter plans for care and

lower TLR in the pre-operative setting may have a higher susceptibility

1

subsequently improve postoperative outcomes.

to postoperative complications. Haemoglobin (p=0.80), glycaemic
levels (p=0.94) and bilirubin levels (p=0.66) did not display any

Objectives

statistically significant differences between the two groups.

This retrospective case-control study investigates whether the
outcomes of pancreatic surgery are affected by four potential

Conclusion

prognostic markers: thrombocyte/leukocyte ratio (TLR); total

A low TLR indicates the presence of a high number of leukocytes. This

bilirubin; haemoglobin; and, glycaemic levels in the peri-operative

study showed that patients with postoperative complications had a

settings.

relatively high number of leukocytes in the pre-operative setting
compared to patients without postoperative complications. The

Methods

results of this study are of high clinical importance as the TLR can be

A total of 30 postoperative patients who attended the Emergency

readily determined using a widely available peripheral blood test,

County Hospital in Craiova, Romania, between 2014 and 2017, were

which increases the economic value for TLR as a prognostic marker for

grouped in a non-randomised manner into Groups A and B: patients

patients with pancreatic cancer in clinical settings.

with (A) and without (B) postoperative complications. The values of
pre-operative TLR, bilirubin, haemoglobin, and glycaemia were
acquired from each patient’s case file postoperatively. The average
values for each marker in both groups were then calculated. Statistical
comparative analysis of the prognostic markers was assessed using a
comparison table, and the significance was determined using

Reference

Student’s t-test.

1.

Ansorge C. Pancreatic fistula following pancreatoduodenectomy: risk
assessment and early diagnosis. Karolinska Institutet, Stockholm, Sweden.

Results

2013. ISBN 978-91-7549-140-0.

The principal finding of this study was a statistically significant
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Transperineal prostate biopsy is superior to
TRUS biopsy in identifying prostate cancer
Brian Cleary
Emily DeVane
Marta Antón-Juanilla
David Bouchier-Hayes
RCSI medical students

Introduction
There are two main methods that are most commonly used when

previously undergone TRUS biopsy. The sample group had a mean

performing a prostate biopsy. These are transperineal (TP) and

age of 65 years. Mean PSA levels and prostate volume were

transrectal ultrasound (TRUS)-guided biopsies. Standard practice is to

8.84ng/ml and 57.7ml, respectively. Median prostate density was

perform a TRUS-guided biopsy as a first-line diagnostic investigation.

0.15ng/ml/ml, and 34% of patients had a magnetic resonance

Current data indicate that when the TP biopsy is performed, accuracy

imaging (MRI) scan showing a Prostate Imaging-Reporting and Data

is notably increased, while infection and complication rates are

System (PI-RADS) score of 4/5. Tumour stage was most commonly

decreased.1 Our study focuses on a number of patients who

identified as ISUP stage 2 (54%), and the most common location was

previously had either a negative TRUS, or TRUS showing only

the anterior prostate (54%, p<0.001).

low-grade cancer, who subsequently underwent a TP biopsy within

Clinically significant cancer was detected in 63% of cases. The

6-12 months. The aim of this study is to establish if prostate cancer

majority had previously been classed as clinically insignificant on

detection rates in TP biopsies differ from detection rates in

TRUS, with only 43% of patients on active surveillance (p=0.049). An

TRUS-guided biopsies.

escalation of treatment was therefore necessary in two-thirds of
patients who were previously thought to be biopsy negative, or with

Materials and methods

only low-grade cancer, as the TP biopsy results were more concerning

This is a retrospective study examining the histopathological records

than the previous TRUS biopsy results. Definitive surgical treatment

of 59 patients who received TP biopsies over a six-month period in

was deemed necessary in 31% of these cases.

the Galway Clinic private hospital, during the takeover of private
hospitals by the Irish Government due to the COVID-19 pandemic in

Conclusion

spring 2020. Markers assessed included: prostate-specific antigen

This data suggests that the TP biopsy has a higher detection rate than

(PSA) levels; prostate volume; PSA density; and, International Society

the TRUS-guided biopsy, particularly when sampling the anterior

of Urologic Pathology (ISUP) stage of any tumours detected. All

prostate. This is in keeping with recent studies in this area.2 It provides

patients initially received TRUS-guided biopsies before receiving a TP

more accurate information for determining the appropriate level of

biopsy. In all cases the TRUS-guided biopsy was either negative

treatment needed, and has the advantage of confirming the location

(n=39) or showed low-grade cancer (n=20). Data were collected and

of the tumour – information not available from TRUS alone. Despite

processed using IBM SPSS software.

TRUS being more commonly used for initial biopsy as it requires fewer
resources and no theatre time, this data supports growing evidence

Results

that TP biopsy would be a more effective first-line diagnostic tool for

The results were recorded post TP biopsy in patients who had

prostate cancer.3
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management guidelines at the Al Hoora Health
Center: a clinical audit
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RCSI Bahrain medical students

Background
Serum potassium affects hypertension via several mechanisms. As

from 4/10/20 to 15/10/20. The study period ranged from 1/10/19 to

potassium is key in vascular smooth muscle relaxation and

1/10/20. Patient data was retrieved from the National Health

proliferation, varying levels may alter vasopressor response to

Information System (I-SEHA) database. Serum potassium levels for all

sodium.

1,2

+

+

Increased potassium also enhances Na /K -ATPase

activation, which indirectly regulates vascular tone.1 Potassium also

hypertensive patients were reviewed from laboratory records. A total
of 352 patients were reviewed in this audit.

exerts anti-hypertensive effects by reducing cardiac sensitivity to
catecholamines and angiotensin II. Serum potassium monitoring is

Results

essential for patients on anti-hypertensive drugs such as ACE

Of the 352 patients, n=205 (58.2%) had their serum potassium

3

inhibitors and diuretics. The prevalence of hypertension in Bahrain is

checked at least once, of which n=69 (33.7%) had it checked twice

6.3% but in patients aged between 50 and 69 years, the prevalence

or more. All multiple potassium measurements were secondary to

4

is as high as 22%. The Bahrain Ministry of Health has implemented

monitoring of other comorbidities. The remaining patients (n=147;

guidelines to assist health centres in managing hypertension.

41.8%) did not have serum potassium checked at all. Results

According to the 2017 guidelines, all hypertensive patients must have

demonstrate a compliance rate of 58.2%, which is a 33.2% increase

their serum potassium monitored at least once annually. A national

from the 2019 compliance rate of 25%. Despite improvement, the

hypertension monitoring target of 70% was set for all health centres.

70% target was still not achieved.

Published reports from 2017-2019 revealed that no health centre
achieved this target.

Conclusion
To further improve compliance rates, interventions that aim to

Objective

increase awareness of hypertension guidelines among healthcare

This audit aims to evaluate adherence to local hypertension

professionals will be implemented. Methods such as posters,

management guidelines at the Al Hoora Health Center in Bahrain.

computer reminders and posting local compliance reports will be
used to improve adherence, leading to better overall hypertension

Methods

management.

The audit was conducted at the Al Hoora Health Center in Bahrain
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What makes a monster?
Mary Shelley’s classic novel Frankenstein can serve as a cautionary tale
about the doctor-patient relationship, says RCSI medical student ALLISON
GROVER.

Mary Shelley’s Frankenstein, or The Modern Prometheus, originally

It is this disavowal of the implicit social contract agreed upon in the

published in 1818, is the story of a young doctor who assembles and

patient-doctor relationship that sets the scene for the chaos that

animates the Creature as he grieves over the death of his mother. The

ensues.

Creature escapes the laboratory and havoc ensnares all of Victor

It is the struggle for connection between the Creature and society,

Frankenstein’s surroundings and acquaintances. The book has

Victor and his family, and the Creature and Victor that leaves every

inspired multiple interpretations in the genres of science fiction and

social relationship unsatisfied and misunderstood. Victor bemoans the

horror.

isolation he feels in the secret success of his alchemy, while

Frankenstein is an important read for medical students or anyone in

simultaneously failing to recognise the isolation he has inflicted upon

the medical field. It is a cautionary tale of how quickly a

his creation. The same sense of alienation follows him and the

misunderstanding can be menacing for all involved. Frankenstein

Creature from Germany to Switzerland, from Ireland to the Arctic

challenges the reader to question what a monster truly is, and where

Circle. No change in surroundings rectifies the truth that both the

the boundaries of care lie between doctor and patient. The tale

doctor and the patient are outcasts in society. Though the Creature

confronts us with the consequences of ambition without caution, and

gives Victor multiple chances to restore order and the patient-doctor

the resultant destruction of placing ourselves as primary in the

social contract, Victor chooses instead to repudiate the relationship.

patient-doctor relationship.

His decision to maintain secrecy in both his role in the chaos, and his

Shelley’s epistolary novel can be read as an anecdote about a

failures, leaves the community unaware of and unprepared for the

patient-doctor relationship gone wrong, and how harmful that

dangerous circumstances ahead.

disruption can be to the patient, the physician, and society as a

Frankenstein is not so much a story about a monster; rather, it is a

whole. While it may seem clumsy that the monster of Frankenstein

story about how monstrous physicians may become when they fail to

has come to be known as Dr Frankenstein himself, it is no mistake at

uphold their obligations to their patients. There must be space for

all. In his horror upon witnessing his own creation, Victor abandons

physicians to recognise their own faults before the impact of their

his role as caregiver, leaving the Creature and the laboratory

own conceit is too ingrained to overcome.

altogether.
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